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RESUMO 
Os riodinídeos são uma família de borboletas majoritariamente neotropicais, 
apresentando 93% de seus gêneros distribuídos nos neotrópicos. Além disso, 
apresentam elevada diversidade em número de espécies, mas também em morfologia, 
comportamento e em suas interações. Junto com seu grupo-irmão Lycaenidae, são as 
únicas linhagens de borboletas a apresentar mirmecofilia complexa, com a evolução de 
órgãos específicos. A mirmecofilia é a interação entre larvas de borboletas e formigas 
que patrulham plantas com nectários extraflorais e/ou que atendem hemípteros que se 
alimentam de seiva. As larvas produzem substâncias ricas em aminoácidos ou açúcares 
para as formigas que protegem as larvas de predadores e parasitoides. A sistemática de 
Riodinidae permanece ainda pouco resolvida nos altos níveis taxonômicos, e existem 
vários gêneros de posição incerta. Essa tese teve como objetivo produzir uma filogenia 
molecular bem resolvida baseada em nove genes amplamente utilizados em 
Lepidoptera, revisar a sistemática da família, e modelar a evolução dos órgãos 
mirmecófilos e das interações entre larvas e formigas nessa família de borboletas. 
Nossas hipóteses filogenéticas sustentam a divisão da família em duas subfamílias: 
Nemeobiinae contendo os gêneros do velho mundo e três gêneros neotropicais 
Corrachia, Styx e Euselasia; e Riodininae contento todos os outros gêneros. Riodininae 
é dividida em dois grupos, um possuindo cinco veias radiais na asa anterior, os 
Eurybiini (divididos em Eurybiina e Mesosemiina stat. n.), e outro possuindo quatro 
veias radiais na asa anterior. Este último posteriormente dividido entre Nymphidiini e as 
tribos Riodinini, Emesini n. trib., Calydnini n. trib., Helicopini, Symmachiini, 
Dianesini n. trib., e uma nova tribo para Emesis guttata. Nymphidiini está dividido em 
sete subtribos: Zabuellina n. subtrib., Stalachtina stat. n., Pachythonina n. subtrib., 
Theopeina, Nymphidiina, Pandemiina n. subtrib. e Lemoniadina. Várias alterações no 
nível de gênero são sugeridas. Os nossos dados sugerem que o órgão nectarífero é o 
primeiro órgão mirmecófilo a surgir na família, no ancestral de Riodininae. Em seguida 
surgem os órgãos de produção de som, que atraem formigas para atender às larvas, no 
ancestral de Eurybiina  e no ancestral de Nymphidiini. Por último surge o órgão 
tentacular anterior no ancestral de Lemoniadina. Este último está associado com a 
mudança da subfamília de formigas que atendia a esta linhagem, de Myrmicinae para 
Formicinae, em especial o gênero Camponotus. As interações são mais plásticas, sendo 
que a mirmecofilia foi recuperada pela análise como se surgissem quatro vezes 
independentemente, nos nós mais terminais da árvore, o que nos sugere que as perdas e 
ganhos de interações ocorrem muito mais frequentemente do que perdas e ganhos dos 
órgãos, confundindo o sinal filogenético nas análises. 
 
 
 
 
ABSTRACT 
Riodinidae is a mainly Neotropical butterfly family, with 93% of its genera occurring in 
the Neotropics. Additionally, riodinids present high diversity in species numbers, 
morphology, behavior and interactions. Together with its sister group, the Lycaenidae, 
they represent the only butterfly lineages to present complex myrmecophily with the 
evolution of specific ant-organs. Myrmecophily is the interaction between butterfly 
larvae and ants that patrol plants bearing extrafloral nectaries or engage in close 
interactions with sap-sucking hemipterans. Butterfly larvae produce aminoacid-rich 
honeydew to ants that, in turn, protect larvae against predators and parasitoids. The 
higher systematics of Riodinidae remains unresolved to date, and there are several 
genera of uncertain position. The present thesis had aimed to generate a highly resolved 
molecular phylogeny for the family based on nine gene fragments, revise its systematics 
and model the evolution of ant-organs and myrmecophily. Our phylogenetic hypothesis 
support a division of the family into two subfamilies: Nemeobiinae for the old-world 
genera plus three Neotropic genera Corrachia, Styx and Euselasia; and Riodininae 
containing all the remaining genera. Riodininae is further subdivided into two groups, 
one that contains the five forewing radial-veined species, the Eurybiini (divided into 
Eurybiina and Mesosemiina n. stat.) and another containing the four forewing radial-
veined genera. This last one further divided into Nymphidiini and a clade containing the 
other tribes: Riodinini, Emesini, n. tribe, Calydnini n. tribe, Helicopini, Symmachiini, 
Dianesini n. tribe, and a new unnamed tribe for Emesis guttata. We divide Nymphidiini 
into seven subtribes: Zabuellina n. subtribe, Theopeina, Nymphidiina, Pandemina n. 
subtribe, Stalachtina n. stat., Pachythonina n. subtribe, and Lemoniadina. Several 
genus-level taxonomic revisions are suggested. Our data suggest that the oldest ant-
organ is the tentacle nectary organ, appearing in the ancestral of the Riodininae 
subfamily. Sound production ant attracting organs appear next, in the ancestral of 
Eurybiina (cranial striations) and Nymphidiini (vibratory papillae). Lastly the anterior 
tentacular organ appears in the ancestral of the Lemoniadina, following a shift in the 
ancestral tending ant subfamily from Myrmicinae to Formicinae (mainly Camponotus). 
Ecological interactions are more plastic, with our analyses recovering the evolution of 
myrmecophily four times in more recent nodes, which suggests that losses and gains of 
the interactions occur faster than losses and gains of ant-organs, confounding the 
evolutionary signal in our analysis. 
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INTRODUÇÃO GERAL 
 
1. Os Riodinidae 
Os riodinídeos são historicamente a família menos conhecida de borboletas. Sua 
distribuição é principalmente Neotropical, onde são encontradas 93% das espécies  (Harvey 
1987; DeVries 1997; Callaghan & Lamas 2004). No Brasil, a sua diversidade é apenas 
superada pela diversidade observada nas famílias Hesperiidae e Nymphalidae (Brown & 
Freitas 1999).  
Os Riodinidae apresentam grande diversidade de formas de vida e habitats, com uma 
diversidade morfológica sem equivalente nos outros grupos de borboletas, que se manifesta 
em em ovos, larvas, pupas e adultos (DeVries 1997). Além disso, DeVries (1997) sugere que 
muitos deles participam de anéis miméticos com outras borboletas e mariposas 
conhecidamente impalatáveis, embora ainda não existam estudos adequados nessa área. Suas 
larvas apresentam uma enorme variedade de hábitos, sendo possível encontrar larvas 
detritívoras que se alimentam no folhiço, larvas predadoras de afídeos, larvas que se 
alimentam de folhas, flores, frutos e sementes e em nectários extraflorais (DeVries 1997; 
DeVries & Penz 2000; Harvey & Hall 2002). 
 
2. Sistemática dos Riodinidae 
A classificação dos grandes grupos de Riodinidae passou por várias alterações ao longo 
da história. Os primeiros trabalhos de classificação de Riodinidae foram feitos por Bates em 
1868, que foi o primeiro a reconhecer sua monofilia. Em seguida, Stichel, entre 1910 e 1930, 
catalogou muitas das espécies conhecidas, e as dividiu em duas subfamílias, Nemeobiinae e 
Riodininae. Os Nemeobiinae incluíam os gêneros do Velho Mundo (subtribo Nemeobiidi), 
Corrachia Schaus, 1913 (subtribo Corrachiidi) e os gêneros Euselasia Hübner, [1819], Hades 
Westwood, 1851 e Methone Doubleday, 1947 (subtribo Euselasiidi). Todos os outros gêneros 
estavam incluídos em Riodininae, entretanto, Stichel não inclui o gênero Styx Staudinger,1876  
dentro de Riodinidae. Em 1958, Ehrlich produziu a primeira classificação moderna de todas 
as borboletas, e devido às suas similaridades, incluiu os Riodinidae dentro de Lycaenidae, 
como a subfamília Riodininae. Harvey (1987) produziu a primeira hipótese filogenética para 
os riodinídeos (figura 1), baseando-se em caracteres de morfologia externa e interna de 
adultos machos e fêmeas, e em caracteres morfológicos de imaturos. Neste trabalho, os 
Riodinidae foram novamente elevados à condição de família, e Harvey os considerou como 
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grupo irmão de Lycaenidae. O gênero Styx foi colocado dentro da família Riodinidae em uma 
subfamília própria, Styginae, e o mesmo procedimento foi seguido para Corrachia 
(subfamília Corrachiinae). Euselasiidi e Nemeobiidi (aqui chamados de Hamearinae) foram 
elevados à categoria de subfamília. Harvey também dividiu os Riodininae em uma série de 
tribos, e duas seções de posicionamento incerto (incerta sedis). A filogenia apresentada por 
Harvey mostra muito pouco das relações internas da família, mostrando apenas que 
Riodininae formava um grupo monofilético separado das outras. 
 
 
Figura 1. Esquema das filogenias disponíveis até o momento para a família Riodinidae. 
a) Filogenia morfológica obtida por Harvey 1987, b) parte da filogenia molecular de todas as 
borboletas obtida por Heikkilä et al. 2012, c) esquema geral dos grandes grupos da filogenia 
obtida por Espeland et al. 2015. 
As décadas seguintes viram muitos trabalhos de sistemática e filogenética dentro dos 
grupos menores de Riodinidae, com extensas revisões de gêneros [Sarota Westwood, 1851, 
Detritivora Hall & Harvey, 2002 (Charis cleonus), Dachetola Hall, 2001, Theope Doubleday, 
1847, Calydna Doubleday, 1847 (Hall 1998; Hall 2001; Hall 2002a; Hall 2008; Harvey & 
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Hall 2002)], tribos [Symachiini (Hall & Willmott 1996)] subtribos [Theopeina (Hall 2002b)] 
e grupos [incertae sedis (Hall 2003)], muitos dos quais trabalhos que apresentam filogenias. 
Estudos de filogenia e a sistemática têm muito a ganhar com o advento das técnicas 
moleculares, e essas técnicas têm sido aplicadas com muito sucesso em outros grupos de 
borboletas (Silva-Brandão et al. 2008; Wahlberg et al. 2009; Heikkilä et al. 2012; Condamine 
et al. 2012). A primeira filogenia molecular apresentada para a família Riodinidae 
compreendia um estudo do gene wingless em 12 espécies de Riodinidae, 12 espécies de 
Lycaenidae, usando espécies de Nymphalidae, Papilionidae, Pieridae e Hesperiidae como 
grupos externos (Campbell et al. 2000). Neste trabalho, Riodinidae foi recuperado como um 
grupo monofilético, irmão de Lycaenidae, comprovando a hipótese que era habitualmente 
aceita, mas que até então carecia de suporte (Ackery 1984, DeVries 1997). Nessa hipótese 
filogenética, o gênero Euselasia aparece como grupo externo de todos os outros Riodinidae, 
incluindo os gêneros do Velho Mundo, aqui representados por Taxila e Abisara, que são por 
sua vez grupo irmão de Riodininae. 
A classificação atual foi sintetizada por Callaghan e Lamas (2004) em seu checklist dos 
riodinídeos, os quais mantiveram apenas duas subfamílias para a região Neotropical, 
Riodininae e Euselasiinae, sendo que a última compreende as tribos Corrachiini (Corrachia) e 
Stygini (Styx). Os riodinídeos do velho mundo permanecem na subfamília Nemeobiinae 
(sinônimo Hamearinae). Dentro de Riodininae, são reconhecidas sete tribos (Eurybiini, 
Helicopini, Mesosemiini, Nymphidiini, Riodinini, Stalachtini, e Symmachiini) e uma seção de 
posicionamento incerto (incerta sedis). Nymphidiini e Mesosemiini são subdivididas em 
subtribos, respectivamente: Nymphidiina, Theopeina, Aricorina e Lemoniadina (dentro de 
Nymphidiini), e Mesosemiina e Napaeina (dentro de Mesosemiini). 
A filogenia de todas as borboletas publicada recentemente (Heikkila et al. 2011) 
confirmou o status de família de Riodinidae, sua relação de grupo irmão de Lycaenidae e o 
posicionamento de Styx infernalis Staudinger, 1876 dentro de Riodinidae, como grupo irmão 
dos Riodinidae do velho mundo, representados por Hamearis Hübner, [1819] (Figura 1).  
Recentemente, Espeland et al. (2015) publicaram a mais completa filogenia dos 
Riodinidae até o momento (Figura 1), baseando-se em quatro genes nucleares e um 
mitocondrial. Enquanto a amostragem de Espeland et al. (2015) é exaustiva para os grupos do 
velho mundo, incluindo todos os gêneros conhecidos, ela é incompleta para os grupos 
neotropicais. 
Embora muito tenha sido explorado recentemente, a sistemática e a taxonomia dos 
riodinídeos, em especial dos grupos Neotropicais (cerca de 95% da diversidade) tem muito a 
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ganhar de um esforço para se produzir uma nova filogenia robusta da família,  incluindo 
grande amostragem dos grupos Neotropicais, o que também ampliaria muito os nossos 
conhecimentos sobre a evolução de características ecológicas dos riodinídeos, como a 
mirmecofilia, o uso de plantas hospedeiras e as diversas estratégias de exploração de recursos 
que as larvas dos riodinídeos apresentam.  
 
3. Mirmecofilia 
Atualmente, Riodinidae é considerado grupo irmão de Lycaenidae, sendo ambas as 
únicas famílias de borboletas a apresentarem interações entre suas larvas e formigas, 
conhecida como mirmecofilia (DeVries 1997) (Figura 2). As larvas de alguns riodinídeos e 
licenídeos exploram relações mutualísticas entre formigas e plantas com nectários 
extraflorais, e em alguns casos entre formigas e herbívoros sugadores (DeVries & Baker 
1989; DeVries 1997; DeVries & Penz 2000). Formigas são os principais predadores de larvas 
de Lepidoptera, em especial de borboletas; extremamente comuns nos neotrópicos, elas 
somam uma enorme parte da biomassa total da terra. 
Algumas larvas de Lepidoptera podem, no entanto, formar relações mutualísticas com 
formigas. Essas interações podem variar de interações ocasionais não-obrigatórias com as 
formigas presentes na planta hospedeira da larva (Kaminski et al. 2013), interações 
obrigatórias espécie-específicas em que as larvas são constantemente atendidas por suas 
formigas (Kaminski et al. 2013; Kaminski 2008), até interações parasíticas em que as larvas 
não apenas são cuidadas mas também se alimentam das próprias formigas (Fiedler 1991).  
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Figura 2. A e B. Interação entre larvas de Synargis Hübner, [1819] (Nymphidiini) e 
formigas.  C. Adulto de Synargis calyce (C. Felder & R. Felder, 1862). Fotos inéditas, 
cedidas por Lucas Kaminski. 
 
A mirmecofilia exige adaptações comportamentais e morfológicas das larvas, como 
ausência de comportamentos de defesa, órgãos glandulares apaziguadores de formigas, 
produção de secreções nutritivas para as formigas e órgãos vibratórios para produção de som. 
Devido a diferenças na posição, número e composição dos órgãos mirmecófilos, sugere-se 
que a mirmecofilia tenha surgido independentemente em riodinídeos e lycaenídeos (DeVries 
1991; Campbell & Pierce 2003).  
Somados, Lycaenidae e Riodinidae são responsáveis por grande parte da diversidade de 
borboletas total (Vane-Wright 1978, Robbins, 1982, DeVries 1997), e esses grupos também 
apresentam a maior diversidade de histórias de vida dentro das borboletas (DeVries 1997). 
Um aspecto da história de vida desses grupos, que afeta diretamente na riqueza de espécies 
encontrada, é a mirmecofilia. A grande diversidade das duas famílias, especialmente nas 
regiões neotropicais, pode ser atribuída à exploração dessas interações (Harvey 1987, DeVries 
1997).  
	 15	
A mirmecofilia é um aspecto tão importante destes grupos que pode até ser responsável 
por padrões de distribuição de comunidades. DeVries (1997) observa, por exemplo, que a 
diversidade de riodinídeos na Costa Rica diminui significativamente com a altitude e 
consequentemente com a diversidade de formigas encontradas. No Cerrado brasileiro são 
encontradas mais espécies mirmecófilas de riodinídeos do que não mirmecófilas, o que 
provavelmente é resultado da grande quantidade de interações entre plantas, formigas e 
herbívoros, características do Cerrado (Oliveira & Freitas 2004). 
Dentro de Riodinidae, a mirmecofilia supostamente surgiu apenas na subfamília 
Riodininae, a maior e mais diversa subfamília do grupo, nas tribos Eurybiini e Nymphidiini 
(DeVries, 1997, Campbell & Pierce 2003). Outros registros de mirmecofilia incluem nos 
grupos Mesosemiini (Brevignon 1992), Stalachini (observações de campo de André Freitas e 
Lucas Kaminski), e em um gênero de afinidade incerta (Hallonympha paucipuncta Hübner, 
[1819], (DeVries et al. 2004; Kaminski 2008).  
 
4. Os órgãos mirmecófilos 
A mirmecofilia pressupõe adaptações nas larvas para que atraiam a atenção das formigas 
e as mantenham interessadas, em uma estratégia conhecida no inglês como “enticing and 
biding” (DeVries 1988). Diferentes órgãos, surgidos em diferentes linhagens, facilitam a 
atração e a manutenção da interação. DeVries (DeVries 1997) classifica essas diferentes 
estruturas ou órgãos mirmecófilos (ant-organs) em três diferentes funções: 1) produção de 
som, 2) produção de recompensa ou órgãos nectarívoros, e 3) manipulação química.  
Embora existam descrições de interações entre larvas e formigas para duas espécies de 
Hesperidae (Orivel & Dejean 2000), essas interações não envolvem órgãos específicos de 
mirmecofilia, nem a produção de recursos da larva para as formigas, resultando mais em uma 
convivência mútua não agressiva do que em uma associação complexa como ocorre nas 
larvas de Lycaenidae e Riodinidae. Em Hesperidae, as larvas de Lotongus calanthus 
(Hewiston, 1876) coabitam com formigas Dolichoderus bituberculata Mayr, 1862, sendo que 
estas usam os abrigos produzidos pelas larvas de L. calanthus como ninho, e sem atacar as 
larvas, e aparentemente concedendo alguma proteção às mesmas contra parasitoides e danos 
de outras formigas (Suguru & Haruo 1997). Já as larvas de Vettius tertianus (Herrich-
Schäffer, 1869), se alimentam de uma bromélia que só ocorrem em “jardins de formigas”, e 
mesmo com a presença de formigas ativas e agressivas na planta as larvas de V. tertianus não 
são molestadas. Além disso, a hipótese de camuflagem química foi afastada, dado que os 
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hidrocarbonetos cutilares de V. tertianus não são similares nem à planta nem às formigas 
(Orivel & Dejean 2000).  
 
Órgãos perfurados em forma de cúpula 
 
Os órgãos mirmecófilos estão restritos apenas a algumas linhagens dentro de 
Lycaenidade e Riodinidae, e não existe homologia clara entre as estruturas das duas famílias. 
A única exceção a essa regra são os PCOs, órgãos perforados de cupola.  
Os PCOs são órgãos glandulares perfurados, considerados como uma clara sinapomorfia 
de Lycaenidae + Riodinidae (Harvey 1987) presentes em todas as larvas conhecidas das duas 
famílias (Malicky 1970; Fiedler 1991). A sua ultraestrutura externa é bem conhecida e foi 
documentada com fotos de microscopia eletrônica em alto detalhe (Kaminski et al. 2013). 
Existem dois cortes de microscopia ótica descritos na literatura, um para Lycaenidae (Malicky 
1969) e um para Riodinidae (Kaminski 2006), e a estrutura parece congruente entre os dois. 
Os órgãos são formados por duas células: uma homóloga a uma célula tricogênica, mais 
interna, com núcleo aumentado e provavelmente com função glandular; a outra forma, 
homóloga a uma “tormogen cell” forma um tubo por onde a secreção da primeira é liberada, e 
externamente existe uma pequena placa porosa esclerotizada.  
Uma estrutura similar chamada lenticela foi descrita para Calpodes ethlius (Stoll, 1782) 
(Hesperidae) (Franzl et al. 1984). Segundo o autor, esta estrutura ocorria em Lycaenidae (que 
na época incluía Riodinidae) e Hesperidae. Neste caso também há duas células: uma externa, 
formando um tubo, delimitada por uma placa porosa, esclerotizada e redonda, enquanto a 
outra célula é interna e de núcleo aumentado. Essas lenticelas foram também consideradas 
homólogas às cerdas nas larvas. Além do estudo por microscopia ótica, Franzl et al (1984) 
também obteve fotos de microscopia de transmissão e sua descrição é portanto mais detalhada 
do que as encontradas em Malickly (1970) e Kaminski (2006). 
Malickly (1970), ao descrever os PCOs pela primeira vez, afirma que não encontrou 
nenhuma estrutura similar em larvas de lepidópteros de outras famílias. Após a descrição das 
lenticelas de Hesperidae, o conceito de que ambas estruturas não são homólogas se tornou 
comum na literatura (Harvey 1987; Pierce et al. 2002), embora sem uma demonstração 
inequívoca. Entretanto, a ultraestrutura dos PCOs precisa ainda ser estudada em mais detalhe 
antes que possa ser tomada uma decisão sobre homologia ou não dos dois órgãos. 
 A função dos PCOs é ainda mais desconhecida. Sabe-se que em espécies mirmecófilas 
eles estão próximos a outros órgãos mirmecófilos, como órgãos nectarívoros e órgãos de 
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manipulação química, e que são mais numerosos e maiores em espécies que possuem 
mirmecofilia obrigatória quando comparados com espécies congenéricas não mirmecófilas 
(Kaminski et al. 2013). Entretanto, as razões para estas diferenças observadas continuam em 
parte desconhecidas. 
 
Órgãos nectarívoros dorsais e tentaculares 
 
A interação entre larvas e formigas é mantida pela produção, pela larva, de uma 
recompensa energética para a formiga. Existem dois tipos de órgãos nectarívoros nesse grupo: 
1) o DNO ou órgão nectarívoro dorsal, que ocorre em Lycaenidae, principalmente em 
Lycaeninae; e 2) os TNOs ou órgãos nectarívoros tentaculares, que ocorrem em Riodinidae. 
TNOs são órgãos pares, eversíveis, localizados no oitavo segmento abdominal da larva; já o 
DNO é um órgão ímpar, também eversível, localizado no centro do sétimo segmento 
abdominal das larvas de Lycaenidae. Ambos acumulam secreções ricas em aminoácidos que 
são secretadas como recompensa energética para as formigas que atendem as larvas. TNOs 
são   estruturas tubulares que se evertem com o relaxamento muscular, e possuem PCOs 
posicionados na abertura dos órgãos ao lado de cerdas dentríticas que produzem o estímulo 
para o relaxamento muscular (Malicky 1969; Kaminski 2006). Quando a formiga antena as 
cerdas, o relaxamento muscular causa a eversão do tubo, e o líquido acumulado é apresentado 
em forma de gota. Esses órgãos são funcionais apenas em larvas ativamente atendidas por 
formigas. 
 
Órgãos de produção de som  
 
Órgãos produtores de som atraem formigas para atender a larva (DeVries 1991). Em 
Lycaenidae o mecanismo de produção de som é desconhecido, muito embora larvas de 
Lycaenidae já tenham sido gravadas produzindo som (DeVries 1991).  Em Riodinidae, duas 
linhagens apresentam produção de som: em Eurybia [Illiger], 1807 e Alesa Doubleday, 1847 
o som é produzido pela vibração da membrana cervical em ranhuras presentes na capsula 
cefálica da larva (Travassos et al. 2008). Essas mesmas ranhuras estão presentes também em 
Nymphidiini e são utilizadas para produzir som através de sua fricção contra papilas 
vibratórias, estruturas cilíndricas especializadas que possuem ranhuras circulares enfileiradas, 
e funcionam como um reco-reco. A ultraestrutura das papilas vibratórias pode ser observada 
em detalhes em DeVries (1988) e Kaminski (2006; 2008).  
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Órgãos de manipulação química 
 
Os órgãos de manipulação química são os mais diversos tipos de órgãos mirmecófilos, 
sendo que tradicionalmente encontramos na literatura referências a um tipo de órgão para 
Lycaenidae e um tipo para Riodinidae. São esses: os órgãos tentaculares (TOs) para 
Lycaenidae e os órgãos tentaculares anteriores (ATO) para Riodinidae. Os TOs são estruturas 
glandulares, cilíndricas, pares, eversíveis, localizadas no dorso do oitavo segmento em 
Lycaenidae, e os ATOs são estruturas glandulares pares, dorsais, cilíndricas, eversíveis, 
localizadas no segundo segmento toráxico das larvas de Riodinidae. Esses últimos tem uma 
série de cerdas dentríticas que na eversão formam uma estrutura arredondada com cerdas cuja 
provável função é a de disseminar semioquímicos voláteis. A alteração comportamental de 
formigas atendendo larvas após a eversão dessas estruturas já foi observada inúmeras vezes 
(eg. DeVries 1988, Kaminski et al. 2013), mas os compostos produzidos por elas não foram 
isolados até o momento. Em Riodinidae existem outras estruturas glandulares descritas na 
literatura: a glândula cervical presente em Hallonympha paucipuncta (DeVries et al. 2004; 
Kaminski 2008) e pequenas estruturas glandulares descritas para Theope pieridoides C. Felder 
& R. Felder, 1865 (Kaminski et al. 2013), chamadas de AGOs, aberturas glandulares 
anteriores.  Todos os órgãos de manipulação química conhecidos para Riodinidae (com 
exceção dos PCOs) são presentes apenas em grupos em que a mirmecofilia é obrigatória e 
onde existe uma associação clara com um grupo especializado de formigas. ATOs são 
encontrados apenas em uma linhagem monofilética de Nymphidiini, os Lemoniadina (sensu 
Seraphim et al. in prep., Cap 1). Glândulas cervicais foram confirmadas apenas para H. 
paucipuncta, mas os outros membros de sua subtribo ainda não possuem biologia conhecida, 
e os AGOs foram identificados até o momento apenas uma espécie de Theope com 
mirmecofilia obrigatória, enquanto outra espécie congenérica de mirmecofilia não-obrigatória 
não os possui (Kaminski et al. 2013). 
 
Hipóteses sobre a evolução da mirmecofilia 
 
Existem duas hipóteses correntes na literatura sobre a evolução da interação e dos órgãos 
mirmecófilos em Riodinidae e Lycaenidae. Fiedler (Fiedler 1991) propõe que a evolução dos 
órgãos em Riodinidae e Lycaenidae é independente, mas que ambos compartilham um 
ancestral mirmecoxeno – um ancestral mirmecófilo que perdeu a mirmecofilia. Já Pierce e 
colaboradores (2002) sugerem que a mirmecofilia evoluiu uma única vez, dado que necessita 
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de adaptações e estruturas complexas, e que as diferenças observadas nos órgãos 
mirmecófilos dos grupos se deve a alterações na metamerização das larvas, e que portanto os 
órgãos seriam homólogos mas teriam mudado de posição devido a rearranjos de genes 
responsáveis pela metamerização durante o desenvolvimento da larva.  Uma terceira hipótese 
que podemos levantar seria que ambas as famílias tenham evoluído órgãos mirmecófilos 
independentemente a partir de um ancestral não-mirmecófilo, mas que já possuía algum tipo 
de estratégia (por exemplo camuflagem química) que o protegia de formigas (e.g. PCOs). 
 
5. Análise de Evolução de Caracteres 
O surgimento de novidades evolutivas é um tema de interesse central pra a Ecologia e a 
Evolução. Nas últimas duas décadas vemos surgir um crescente interesse no uso de filogenias 
para inferência de caracteres presentes nos ancestrais de grupos de interesse. Nesse âmbito é 
extremamente importante dissociar fenômenos intrínsecos à cladogênese de diferentes grupos 
da evolução de suas características morfológicas. É comum o erro conceitual de associar 
características presentes em linhagens com poucas espécies, irmãs de linhagens ricas, a 
características ancestrais. Desse erro decorre o uso de termos como grupo “basal” e 
“derivado” ou “early diverging”. Esse efeito comum a muitas árvores filogenéticas pode advir 
de baixas taxas de diversificação no grupo com poucas espécies em relação ao grupo-irmão 
rico, mas também pode ser resultado de altas taxas de extinção quando comparado ao grupo-
irmão (Crisp & Cook 2005). Nesse contexto a modelagem explícita da evolução de caracteres 
se torna necessária para a obtenção de inferências sobre as características do ancestral, bem 
como o tempo e o modo da evolução dessas características. 
Para entendermos melhor a evolução de uma interação ecológica, como a mirmecofilia 
em Riodinidae, e para podermos diferenciar entre as diferentes hipóteses evolutivas, é preciso 
que primeiro se faça um estudo filogenético adequado, produzindo uma hipótese filogenética 
robusta em que os grupos estejam adequadamente amostrados, principalmente os grupos de 
interesse. Após essa etapa inicial,  é necessário um levantamento de dados exaustivo, nesse 
caso, de biologia de imaturos, para que seja obtida a matriz mais completa possível. Nesse 
processo é importantíssimo que as relações de homologia dos diferentes caracteres 
morfológicos e ecológicos sejam investigadas e mantidas, de forma a evitar codificar 
estruturas com diferentes histórias evolutivas em um mesmo caráter, de forma análoga ao 
processo utilizado nas filogenias morfológicas. A simplificação de cada caráter e a redução 
dos estados em menor número possível (de preferência em ausência ou presença) também 
facilita a modelagem e a compreensão dos resultados, diminui o tempo computacional e 
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amplia o número de métodos que podemos usar. Por fim se procede com a escolha do método 
de análise de evolução de caracteres a ser aplicado  (Crisp & Cook 2005). 
Hoje existem vários métodos disponíveis para a modelagem da evolução de caracteres em 
árvores, sejam eles morfológicos ou moleculares, entre eles: a parcimônia (Swofford & W. P. 
Maddison 1992), a máxima verossimilhança (Schluter et al. 1997; Pagel 1999) (ambos 
implementados e amplamente utilizados no software Mesquite (W. P. Maddison & D. R. 
Maddison 2015), e o modelo de mapeamento estocástico de caracteres (Nielsen 2002; 
Huelsenbeck et al. 2003)  (Stochastic Character Mapping, SCP, implementado no software 
SIMMAP (Bollback 2006) ou no pacote Phytools para R (Revell 2012)). Dentre os modelos 
disponíveis existem duas lógicas diferentes (Royer-Carenzi et al. 2013): 1) o modelo da 
parcimônia em que a evolução dos estados de caracteres contemporâneos devem ser 
explicados através do caminho mais simples, minimizando as mudanças de estado; e 2) os 
modelos que veem a evolução de caracteres como um processo estocástico (geralmente como 
um modelo de Markov de tempo contínuo), e que buscam a sua reconstrução considerando as 
medidas de verossimilhança dos estados ancestrais obtidas por modelos explícitos desse 
processo estocástico. Nesta segunda categoria se enquadram os testes de máxima 
verossimilhança de Schluter et al. (1997), o modelo bayesiano de Pagel et al. (2004) e o 
modelo de mapeamento de caracteres (Nielsen 2002; Huelsenbeck et al. 2003). 
O método de parcimônia é o mais antigo e mais intuitivo de otimização de caracteres, 
mas que entretanto não leva em conta o tamanho dos ramos e pode produzir reconstruções 
particularmente problemáticas em dois casos: 1) quando as taxas de evolução são muito 
rápidas ou 2) quando as probabilidades de ganho ou perda não são iguais (Cunningham et al. 
1998). Isso se torna especialmente problemático em casos de caracteres morfológicos ou 
ecológicos complexos, porque a priori podemos esperar que as taxas de perda são maiores do 
que as taxas de ganho (Omland 1997). 
A principal vantagem dos métodos que utilizam verossimilhança é que eles permitem o 
uso da informação do tempo de divergência entre diferentes táxons; outra vantagem é que 
esses métodos se baseiam em modelos explícitos com parâmetros claros, enquanto a escolha 
de parâmetros para a parcimônia não é possível (Royer-Carenzi et al. 2013). O método de 
máxima verossimilhança (Schluter et al. 1997; Pagel 1999) implementado no software 
Mesquite ( Maddison & Maddison 2015) procura, para cada nó, o estado que maximiza as 
probabilidades de se obter os estados atuais nos terminais, dado o modelo de evolução, 
permitindo que os estados de todos os outros nós variem. Os métodos de Máxima 
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Verossimilhança possuem a restrição de poder colocar no máximo uma mudança de estado ao 
longo de um ramo 
O método de mapeamento estocástico de caracteres (Bollback 2006; Revell 2013) simula 
históricos de evolução de caracteres que sejam consistentes com as verossimilhanças dos 
modelos de evolução e estados ancestrais. Para isso o modelo i) calcula a verossimilhança 
para cada estado de caráter em cada nó da árvore, ii) simula os estados de caráter em cada nó 
interno por amostragem das distribuições das probabilidades posteriores e iii) simula os 
históricos de evolução dos caracteres amostrando uma posterior condicionada ao passo 
anterior e os estados observados nos terminais. Sendo que os tempos de espera entre as 
mutações são obtidos usando-se uma distribuição exponencial baseada em uma matriz 
instantânea de taxa de transição entre os estados (matriz Q), que é calculada simultaneamente 
(Bollback 2006). No método implementado no programa Phytools há uma simplificação em 
relação ao método usado por Bollback (2006), a matriz Q é calculada inicialmente usando-se 
máxima verossimilhança, e depois são feitas as simulações, para reduzir o tempo 
computacional. Depois de realizadas as simulações o programa resume as probabilidades 
posteriores para cada nó e a cada posição ao longo do ramo, gerando dois tipos de 
informação, quando há a maior probabilidade de uma mudança ter ocorrido ao longo de um 
ramo e qual a maior probabilidade do estado ancestral de cada nó (Revell 2013). Existe ainda 
a possibilidade de gerar a matriz Q baseado em uma cadeia Markov Monte Carlo na 
implementação do Phytools (Revell 2012), o que se aproxima mais do modelo original de 
Bollback (2006) 
 
6. Objetivos 
 
O objetivo geral desta tese foi construir uma hipótese filogenética robusta para a família 
de borboletas Riodinidae, amostrando majoritariamente espécies que ocorrem no Brasil, e 
utilizando marcadores moleculares. Além disso, produzir uma hipótese filogenética datada 
que servirá de base para o estudo da evolução de caracteres morfológicos e ecológicos 
importantes para o estabelecimento e manutenção das interações entre larvas de riodinídeos e 
formigas, modelando explicitamente a evolução dessa interação na árvore obtida. 
 
Esta tese está dividida em dois capítulos:  
1) O primeiro versa sobre a filogenia proposta para Riodinidae, baseada em um 
amostragem ampla dos grupos neotropicais, com o uso de nove marcadores moleculares,  e 
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dos métodos mais utilizados de inferência filogenética. Nesse capítulo também fazemos uma 
revisão da sistemática de Riodinidae baseada nos resultados obtidos através das hipóteses 
filogenéticas produzidas. 
2) O segundo capítulo apresenta análises de evolução de caracteres para os órgãos 
mirmecófilos, a interação ecológica da mirmecofilia, os tipos de formiga em que os diferentes 
grupos se especializaram e uso de plantas hospedeiras, avaliando a evolução dessa interação 
baseada na árvore filogenética produzida no capítulo anterior. 
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CAPÍTULO UM 
 
“Filogenia Molecular e Sistemática das borboletas da família Riodinidae.” 
 
Este capítulo é composto pelo artigo:  “Molecular	phylogeny	and	higher	systematics	
of	 the	 Neotropical	 metalmark	 butterflies	 (Lepidoptera:	 Riodinidae)”.	 Este	 artigo	trata	 das	 relações	 filogenéticas	 das	 borboletas	 da	 família	 Riodinidae	 e	 apresenta	 uma	revisão	sistemática	da	família.		Resumo:	Este	capítulo	é	composto	por	um	único	artigo	contendo	hipóteses	filogenéticas	para	a	família	 Riodinidae	 baseada	 em	nove	marcadores	moleculares,	 bem	 como	uma	 revisão	sistemática	e	uma	estimativa	de	datação	calibrada	com	o	uso	de	três	fósseis	disponíveis	para	Riodinidae.		As	 análises	 recuperam	 a	 monofilia	 da	 família	 Riodinidae	 dividida	 em	 duas	subfamílias,	Nemeobiinae	 contendo	os	 gêneros	do	 velho	mundo	mais	Euselasia,	Styx	e	
Corrachia	 e	 Riodininae	 contendo	 o	 restante	 dos	 gêneros	 Neotropicais.	 Riodininae	encontra-se	dividida	em	nove	 tribos:	Eurybiini,	Nymphidiini,	 Symmachiini,	Helicopiini,	Calydnini	n.	 tribo,	Emesini	n.	 tribo,	Dianesini	n.	 tribo,	Riodinini	e	uma	nova	tribo	não	nomeada.	Destas	três	tribos	são		descritas	no	presente	trabalho.	Eurybiini	está	dividida	em	Eurybiina	e	Mesosemiina,	unindo	os	grupos	de	Riodininae	que	possuem	quatro	veias	radiais	 na	 asa	 anterior.	 Nymphidiini	 está	 dividida	 em	 sete	 subtribos:	 Zabuellina	 n.	
subtribo,	 Stalachtina	 status	 n.,	 Pachytoniina	 n.	 subtribo,	 Theopeina,	 Nymphidiina,	Pandemiina	 n.	 subtribo	 e	 Lemoniadiina.	 Diversas	 alterações	 são	 propostas	 na	sistemática	a	nível	genérico.	Os	riodinídeos	começaram	há	se	diversificar	a	cerca	de	56	milhões	de	anos,	com	a	linhagem	exclusivamente	neotropical	se	diversificando	em	torno	de	47	milhões	de	anos.	
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ABSTRACT 
Riodinidae is a highly diverse butterfly family with 93% of its genera restricted to the 
Neotropics, and their systematics are only now being resolved. We propose a novel 
phylogenetic hypothesis, based on a comprehensive sample of Neotropical riodinids primarily 
from Brazil, covering 67% of all generic taxa and all main recognized lineages. Nine 
previously tested molecular markers were sequenced and phylogenies were estimated using 
Maximum Likelihood and Bayesian approaches, using both timed trees and time-independent 
trees. Calibration was based on three known fossils for Riodinidae, and the position of the 
oldest fossil was reassessed. Furthermore, we incorporated 52 samples from a previous study 
providing a comprehensive Maximum Likelihood tree for 304 species comprising 80% of the 
Riodinidae genera. A new higher classification for the Riodinidae is proposed with two 
subfamilies: the Nemeobiinae, including the old world riodinids and their Neotropical sister 
Euselasia Hübner, [1819]; the remaining genera are in the Riodininae, divided into nine tribes 
(including  four new tribes), with Mesosemiini and Nymphidiini further subdivided into two 
and seven subtribes (including three new subtribes for Nymphidiini), respectively. Despite 
most genera being restricted to tropical South and Central America the oldest fossil known is 
a member of Riodininae found on Green River formation (42.6-50.2 mya) in North America. 
We provide a revised estimate for the family’s crown age, at 56 mya (52.4 - 60.7 mya), which 
is in disagreement with previous dating using secondary calibrations. Non-monophyletic 
genera are ubiquitous, and several groups are in need of further revision, which holds true 
even for groups that have been revised recently. Our results point to the need of integrative 
taxonomy in this family, as morphology seems to be have been exhausted as a single data 
source. 
Keywords: Riodinidae, molecular phylogeny, dating, metalmarks, systematics, checklist  
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INTRODUCTION 
The family Riodinidae is Pantropical, but 95% of its species occur in the Neotropics 
(DeVries 1997; Callaghan & Lamas 2004). The group shows a remarkable diversity of 
morphological, ecological and behavioral traits, but it is historically the least known of all 
butterfly families (DeVries 1997). Riodinid larvae engage in a myriad of feeding behaviors 
(detritivory, folivory, nectarivory, predation of smaller insects) and they can form symbiotic 
relationships with ants (myrmecophily), exploiting the established interactions of ants with 
extra floral nectar-producing plants and/or honeydew-producing hemipterans (e.g.,  DeVries 
& Penz 2000; Kaminski et al. 2013). The higher classification of Riodinidae has changed 
little in the past 20 years, even though a recent molecular-based phylogeny has been proposed 
(Espeland et al 2015). Bates (1868) was the first to recognize Riodinidae as a formal group. 
Stichel (1930-1931) described many of the known species and divided the family in two 
subfamilies: Nemeobiinae and Riodininae, with Nemeobiinae including three subtribes; one 
for the old-world genera, one for Corrachia Schaus, 1913 and one for the genera Euselasia 
Hübner, [1819], Methone Doubleday, 1847 and Hades Westwood 1851. He placed all 
remaining genera in the subfamily Riodininae, with the exception of Styx Staudinger, 1876. 
Ehrlich (1958) produced the first modern classification of the butterflies, and considered 
Riodinidae as a subfamily of Lycaenidae.  
In a well-known unpublished work, Harvey (1987) redefined the higher classification 
of riodinids based on morphological characters of adults and immature stages, using 
phylogenetic methods for the first time. In that study, riodinids were defined as a 
monophyletic family sister to the Lycaenidae, and divided into five subfamilies: 1) 
Nemeobiinae, including all old-world genera; 2) Euselasiinae, including Euselasia, Hades and 
Methone; 3) Styginae containing only the monotypic genus Styx; 4) Corrachiinae for the 
monotypic Central American genus Corrachia; and 5) Riodininae, further divided into eight 
tribes. Even though Harvey (1987) used a good number of adult and immature characters, a 
few genera remained with uncertain placement, and for those he created two insertae sedis 
sections. 
During subsequent decades, several systematic studies focusing in smaller groups 
inside Riodinidae were carried out, including several genera (Callaghan 1985; Callaghan 
1986a; Hall 1998; Callaghan 1995; Hall 2001; Harvey & Hall 2002; Hall & Harvey 2002a; 
Hall 2002a; Hall 2008; Silva Dias et al. 2013), the tribes Symmachiini (Hall & Willmott 
1996), Lemoniini (Penz & DeVries 1999) and Nymphidiini (Hall & Harvey 2002b), the 
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subtribes Theopeina (Hall 2002b) and Napaeina (Hall 2005) and some groups of uncertain 
placement, such as the five-veined insertae sedis  (Hall 2003). In a recent effort, Callaghan 
and Lamas (2004) synthesized all previous systematic information and proposed a tentative 
higher classification for the Neotropical Riodinidae recognizing three subfamilies: 1) 
Nemeobiinae, including all old world genera (13 genera, around 109 species); 2) Euselasiinae, 
including Euselasia, Hades, Methone, Corrachia and Styx; and 3) Riodininae, that includes all 
remaining riodinids. Concerning the Neotropical clades, Euselasiinae was divided into three 
tribes, namely: Corrachini (for Corrachia leucoplaga Schaus, 1913), Stygini (for Styx 
infernalis Staudinger, 1876) and Euselasiini, including Euselasia (~ 170 species), Methone 
Cecilia (Cramer, 1777) and Hades (2 sp). Finally, the subfamily Riodininae was divided into 
seven tribes and one group of uncertain position (insertae sedis), namely: Eurybiini, 
Helicopini, Mesosemiini, Nymphidiini, Symmachiini, Riodinini and Stalachtini. In addition, 
the tribe Nymphidiini was divided into four subtribes (Nymphidiina, Theopeina, Aricorina 
and Lemoniadina), and the tribe Mesosemiini into two subtribes (Mesosemiina and 
Napaeina). 
Three studies used molecular data to propose new phylogenetic hypotheses for the 
Riodinidae. Campbell and Pierce (2003) analyzed one nuclear gene (wingless - wgl), and 
Saunders (2010) in an unpublished thesis, produced a phylogenetic hypothesis based on one 
mitochondrial (cytochrome oxidase subunit I – COI) and two nuclear genes (wgl, and 
elongation factor - EF1-a). Most recently Espeland et al. (2015) published the first 
comprehensive molecular phylogeny of the Riodinidae, based on four nuclear (EF1-a, wgl, 
carbamoylphosphate synthase - CAD, and histone subunit 3 - H3) and one mitochrondrial 
gene (COI). This phylogeny presented an exhaustive sampling of Old World Riodinidae, with 
a comparatively smaller representation of Neotropical genera. None of these phylogenetic 
hypotheses were used to produce an updated classification, with Espeland et al (2015) 
proposing only minor changes to the Nemeobiinae (Old World clade).  
In this paper, we present a robust phylogeny based on nine molecular markers (eight 
nuclear genes and one mitochrondrial) previously used successfully for other butterfly 
families (Wahlberg et al. 2009; Heikkilä et al. 2012; Wahlberg et al. 2014).  Our analyses 
focus on Neotropical Riodinidae genera, with a well-balanced sampling effort across currently 
recognized groups (Callaghan & Lamas 2004). We also revise riodinid higher classification, 
and propose a novel hypothesis for dating the Riodinidae tree based on reassessed fossil 
material and increased gene sampling. 
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MATERIALS AND METHODS 
Taxon Sampling 
Extensive sampling was conducted in the field; we collected DNA samples from 514 
specimens (mostly in Brazil), and initially identified them to genus level. Samples were 
sequenced for the ‘barcode’ region and assigned to barcode taxa using rapid bootstrap 
RAxML web-services approach (Stamatakis et al. 2008), mounted and photographed. 
Generally, one individual of each “barcode taxon” was selected to be included in the final 
matrix. Most specimens were identified to species based on external morphological characters 
or, in some cases, male and female genitalia. Some exemplars were labeled as ‘‘nr’’ if species 
identity was uncertain. Specialists were consulted whenever a specific identification was 
difficult or uncertain (see Acknowledgements section). 
The final matrix contained 248 specimens of 233 putative species of Riodinidae 
sampled from several localities across the Neotropics (Table 1). This sample contained about 
18% of the described species for the group (Callaghan & Lamas, 2004), representing 67% of 
described genera and including generic type species whenever possible. For some species, 
more than one individual was included to improve stability or confirm position of samples in 
the tree. Sequences of five outgroup taxa from closely related clades in the family Lycaenidae 
(Curetis barsine (C. Felder, 1860), Miletus boisduvali (Butler, 1884), Lycaena alciphron 
(Rottemburg, 1775), Neozephyrus quercus (Staudinger, 1901) and Celastrina neglecta 
(Edwards, 1862) (GenBank; Heikkilä et al, 2012) were used to root the topology. Photographs 
are available for most voucher specimens in the Nymphalidae Systematics Group (NSG) 
database (http://www.nymphalidae.net/db.php). Most voucher specimens were spread and are 
deposited in the Museu de Zoologia da Univesidade Estadual de Campinas, ZUEC. 
Taxonomy follows Callaghan & Lamas (2004), modified after Hall (2005), Penz & DeVries 
(2006), Hall (2007a,b), Espeland et al. (2015), and Kaminski et al. (2015). 
 A second matrix was obtained by adding additional data from GenBank (Espeland et 
al. 2015) belonging to 52 additional species that were used to evaluate taxonomical placement 
of several genera not sampled here and to solve taxonomical problems in some focal groups. 
This matrix is termed “expanded dataset” and comprises 80% of all Riodinidae genera. We 
based higher classification revisions only on highly supported groups (>75% for bootstrap 
support and > 0.95 for posterior probabilities) across different analytical methods. Our dataset 
was used as basis for higher-level taxonomic revisions, and the expanded dataset was used 
  
33 
only to ascertain the position of those genera not directly sampled by us (also based on high 
support).  
  
Laboratory methods 
Total DNA was extracted from two legs of each specimen using Qiagen’s DNeasy kit. 
For a final matrix of 5.9 Kbp, eight nuclear and one mitochondrial gene fragments were 
amplified: arginine kinase (AK), carbamoylphosphate synthase domain protein (CAD), 
Elongation factor 1 alpha (Ef1a), glyceraldhyde-3-phosphate dehydrogenase (GAPDH), 
isocitrate dehydrogenase (IDH), cytosolic malate dehydrogenase (MDH), Ribosomal Protein 
S5 (RpS5), wingless (wgl), and cytochrome oxidase c subunit I (COI).  
 Protocols for PCR reactions and primers followed Wahlberg and Wheat (2008) for 
most gene regions, while the primers for AK, GAPDH and IDH were taken from Wahlberg et 
al. (2016). PCR reactions used MyTaq HS Red mix (Bioline) master mix, and annealing 
temperatures were optimized for Riodinidae (see information in supplementary material). We 
designed one additional primer for CAD, CADmidR_riod 
(ATTAACCCTCACTAAAGGGGAAGCTGGCCATTCRGCRGC).  
 
Data characterization and Time-independent Phylogenetic analyses 
Sequences were analyzed and aligned in the program Geneious v 7.1 (Biomatters) 
using the MAFFT alignment algorithm (Katoh et al. 2002). Sequences were managed and 
datasets created using VoSeq v 2.0 (Peña & Malm 2012). All phylogenetic analyses were run 
in CIPRES Portal (Miller et al. 2010). 
The best partition model was tested based on protocols introduced by Rota and 
Wahlberg 2012 (Rota & Wahlberg 2012), using Bayes Factor (Kass & Raftery 1995; Fan et 
al. 2011; Xie et al. 2011). Data was partitioned first by gene – the traditional approach, 
summing up to nine partitions; and then using the TIGER v 1.02 (Cummins & McInerney 
2011) method for partitioning. For this we used TIGER software (Cummins & McInerney 
2016) to calculate the relative rates of evolution of each site in the combined dataset. The sites 
were then placed into partitions based on their relative rates using an algorithm developed by 
Tobias Malm (J. Rota, et al, in prep.), which placed the invariant and slowly evolving sites 
into the first partition and the fastest evolving sites into the last partition. Based on the 
partition factor of 1.35, the final partition size and rate span were as following: partition 1 
(2594 sites, 1.0-0.395), partition 2 (784 sites 0.395-0.287), partition 3 (723 sites, 0.287-
0.241), partition 4 (713 sites, 0.241-0.219), partition 5 (576 sites, 0.219 - 0.206), partition 6 
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(529 sites, 0.206 - 0.184). Two independent stepping-stone analysis (Xie et al. 2011) were run 
in MrBayes v 3.2.6 (Ronquist et al. 2012), with 2 runs of 4 chains, 40 million generations 
each, sampling every 1000 generations. Nucleotide evolution model was sampled across the 
GTR + Γ family of models using the model jumping feature of MrBayes, where all possible 
submodels of the GTR family are sampled according to their posterior probability (Ronquist 
et al. 2012). Runs were checked for convergence and proper sampling of parameters (ESS 
above 200) using program Tracer v1.6 (Rambaut et al. 2014). Final likelihoods were 
compared and the best partition model chosen based on Bayes Factor – a factor above 10 was 
considered strong evidence in favor of one model. The best partition model was implemented 
in all subsequent analyses.  
Two time-independent phylogenetic hypotheses were obtained, after partition model 
choice. The Bayesian Phylogenetic Inference was obtained using MrBayes v 3.2.6 (Ronquist 
et al. 2012), this was for a maximum of 20 million generations, sampled every 2000 
generations, for two separate runs with 4 chains each. The analysis was stopped when 
convergence was achieved; i.e., when average standard deviation of split frequencies reached 
a minimum of 0.01. The first 25% of each run was discarded as burnin. Runs were also 
checked for convergence and proper sampling in the same manner as the stepping stone 
analysis. 
Maximum likelihood (ML) analysis was conducted using program RAxML  v 8.2.9 
with rapid 1000 bootstraps and search for ML topology as implemented on the CIPRES Portal 
(Miller et al. 2010). For this analysis we used the GTR + Γ model of nucleotide evolution for 
each partition independently. For the expanded dataset we conducted only ML analysis using 
program RAxML with rapid 1000 bootstraps and search for ML topology as implemented on 
the CIPRES Portal (Miller et al. 2010), using GTR + Γ model of nucleotide evolution for each 
partition independently, as Bayesian analyses with this dataset did not converge, most likely 
due to a large amount of missing data. 
 
Timing of Divergence Analysis 
We obtained a timed phylogenetic hypothesis using BEAST v 2.2 (Bouckaert et al. 
2014). We ran BEAST analysis using the following settings: GTR + Γ model of nucleotide 
evolution for each partition separately, with five categories for gamma; the uncorrelated 
relaxed lognormal molecular clock, with an exponential prior with mean 0.1 for each partition 
separately; and the birth-death tree prior linked for all partitions. We ran the analysis four 
times, for 20 million generations each, sampling every 1000 generations. Different runs were 
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analyzed for convergence and adequate sample size (ESS higher than 200) using Tracer v1.6 
(Rambaut et al. 2014). Results were compiled using LogCombiner (Bouckaert et al. 2014) 
excluding 10% of each run as a burnin. Trees were summarized and annotated using 
TreeAnnotator (Bouckaert et al. 2014), with a maximum credibility tree as target and mean 
node heights. 
Calibration points used were based on Sohn et al. (2012) catalog of Lepidopteran 
fossils. The fossil of a Theope caterpillar (DeVries & Poinar 1997) was used to calibrate  the 
node of the Theope genus and its sister taxon, using a normal prior with mean 17.5 Mya and 
standard deviation of 1.5 to cover the estimated time of Dominican Amber (15-20 Mya). The 
Voltinia dramba Hall, Robbins & Harvey 2004 fossil (Hall et al. 2004), also from Dominican 
Amber, was used to calibrate the node that includes all the Napaeina except Hyphilaria 
Hübner, [1819] with the same prior distribution as Theope, as genera in this group are not 
reciprocally monophyletic and very similar in wing morphology (see Espeland et al 2015 and 
our results). The Riodinella Durden & Rose, 1978 fossil has a more complicated history since 
its position inside Riodinidae is uncertain. Durden & Rose (1978) and Sohn et al. (2012) 
placed it inside Riodinidae, but Hall et al. (2004) argued against this position based on the 
presence of putative ancestral characters, i.e., forewing venation with five radial veins, vein 
R2 extending to the apex, and vein R3 ending at the distal margin. Among the Riodinidae, 
these characters occur only in Nemeobiinae, Euselasiinae, Mesosemiini and Eurybiini. We re-
examined the original description and pictures of this fossil and we are confident that it 
belongs to Riodinidae and should be placed in the base of Riodininae subfamily. The decision 
was taken based on the presence of a “hind wing costal edge thickened basally, vein-like”. 
This character state (a costal vein in the hind wing) was discussed by Harvey (1987) as unique 
and universal to the subfamily Riodininae in all Papilionoidea, except for Helicopis Fabricius, 
1807.  We therefore placed the Riodinella calibration at the Riodininae crown clade, using a 
normal prior with mean of 48.2 million years and a 95% interval of 49.8-46.6 to cover the 
estimated dating of the Green River formation 50.3-46.2 Mya (Durden & Rose 1978) and to 
account for the fossil placement uncertainty, as it could be either assigned to the stem or the 
crown node of Riodininae. We ran analyses both with and without the Riodinella fossil 
calibration to compare crown age estimates. 
Several different runs of the BEAST analysis using the Riodinella fossil calibration 
failed to converge, with runs producing either a similar topology as the time-independent 
analyses or producing an alternative topology with Nymphidiini appearing as paraphyletic. 
We decided to constrain the topology in this case, based on the evidence from all time-
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independent analyses (with both datasets) where Nymphidiini appears as monophyletic with 
high bootstrap support or posterior probability. Runs without the Riodinella fossil calibration 
point did not present this issue. 
RESULTS 
There was very strong evidence that the TIGER partition model should be preferred 
(Bayes Factor = 4184; Marginal likelihood TIGER = - 178248.77; Marginal likelihood Genes 
= - 182432.79). Bayesian inference (BI) analysis mainly sampled nucleotide evolution 
models with four parameters or less, with the slowest partitions in TIGER preferring models 
with two and three parameters.  
  
Phylogenetic relationships of Riodinidae 
The family Riodinidae was recovered as monophyletic in all analyses and our 
phylogenetic hypothesis contains all major lineages within the family (Callaghan & Lamas 
2004). All analyses resulted in similar trees, with most relationships inside Riodinidae highly 
supported and stable across different analyses. Relationships that were unresolved in one 
analysis tended to be unresolved in all analyses. Figure 1 shows a time-independent analysis 
obtained with Maximum Likelihood analysis (RAxML software) using our dataset.  Figure 2 
shows a ML analysis obtained similarly with the expanded dataset, and MrBayes tree is 
provided as an appendix (Supplementary material 1).  Since all analyses were congruent, 
hereafter we will refer to the sum of all results except where analyses diverged. BEAST 
analyses, both with (fig 3) and without the Riodinella fossil (tree not shown) are also 
congruent, and will be referred to in the next section. 
Based on all analyses, the family Riodinidae is divided in two major clades: 1) the 
subfamilies Nemeobiinae + Euselasiinae and 2) the subfamily Riodininae. The subfamily 
Nemeobiinae includes all Old World genera plus the Neotropical Styx and Corrachia. The 
subfamily Euselasiinae is composed by Euselasia, Methone and Hades, of which the latter 
two render the first paraphyletic. All remaining genera are members of the Riodininae and the 
major tribes within this large subfamily are largely monophyletic (Figs 1, 2 and Suppl. Mat. 
1). 
Within Riodininae, the tribes Mesosemiini + Eurybiini appear as a well-supported 
sister clade to all remaining taxa in all analysis of our dataset with full gene coverage (Figs. 1, 
2 and Suppl. Mat. 1). The tribe Eurybiini is monophyletic, and so are its two included genera 
Alesa Doubleday, 1847 and Eurybia [Illiger], 1807. The tribe Mesosemiini is monophyletic, 
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with the subtribe Napaeina sensu Callaghan and Lamas (2004) as a monophyletic group 
inside the paraphyletic Mesosemiina sensu Callaghan and Lamas (2004). The internal 
relationships of Mesosemiini show the genus Eunogyra Westwood, 1951 (Mesosemiina) as 
sister to Napaeina sensu Callaghan and Lamas (2004)  + the remaining Mesosemiina sensu 
Callaghan and Lamas (2004), which does not support the maintenance of Napaeina as a 
subtribe (Table 2). The large genus Mesosemia Hübner, [1819] is polyphyletic, with 
Mesosemia acuta (Hewitson 1873) as sister of all remaining taxa of this clade (note that 
Teratophthalma Stichel, 1909 has not been sampled). The genus Hyphilaria is not 
monophyletic, as Hyphilaria nicia Hübner, 1819 (the type species of the genus) and 
Hyphilaria parthenis (Westwood, 1851) appear as sister to the remaining Napaeina, including 
Hyphilaria thasus (Stoll, 1780) (previously placed in Cremna Doubleday, 1847). Napaea 
Hübner, [1819] is also paraphyletic in the expanded dataset analysis (Fig. 2), with Napaea 
heteroea (Bates, 1967) and Napaea actoris (Cramer, 1776) appearing together as sister to 
Ionotus Hall, 2005 (taxa previously belonging to Cremna) while Napaea mellosa (Hall & 
Harvey, 2005) appears as sister to the monophyletic genus Voltinia Stichel, 1910 (all 
belonging to Napaea, in Callaghan and Lamas 2004 classification). Unfortunately the type 
species of Napaea, Voltinia and Ithomiola Felder & Felder, [1865] were not sampled in our 
analyses. 
The tribes Nymphidiini and Stalachtini appear as a well-supported clade, with the 
latter rendering the former paraphyletic, which is sister to the remaining tribes of Riodininae 
(Symmachiini, Helicopini, and Riodinini). In the time independent analyses (Figs 1 and 2 and 
Suppl. Mat. 1), Nymphidiini includes a novel group composed of Apodemia castanea 
(Prittwitz 1865) and the genera Hallonympha Penz & DeVries, 2006, Harveyope Penz & 
DeVries, 2006 and Zabuella Stichel, 1911, here named Zabuellina new subtribe (Table 2) 
This group is sister to the remaining Nymphidiini subtribes with high support in the Bayesian 
analysis (Suppl. Mat. 1) and moderate support in the maximum likelihood (Fig1).  
The redefined Stalachtina (Table2), including the genus Stalachtis Hübner, 1818, and 
Protonymphidia Hall, 2000, is a monophyletic clade with uncertain affinities with the 
remaining sub tribes of Nymphidiini (sister to Theopeina, with low support: 39 bootstrap 
support; 0.91 Mr Bayes posterior). As consequence of the above, Theopeina sensu Callaghan 
and Lamas (2004) is paraphyletic in relation to Protonymphidia, therefore Theopeina is 
redefined (Table 2) to include Pseudotinea Hall & Callaghan, 2003, which form a well-
supported clade together with Theope. The three remaining genera of Theopeina 
(Archaeonympha Hall, 1998, Behemotia Hall, 2000 and Calicosama Stichel, 1910) are 
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missing from our sampling. The genus Roeberella Strand, 1932 appears as sister to the 
subtribe Stalachtina in our dataset analyses (Fig 1 and Suppl. Mat. 2), but it forms a clade 
with Pachythone Bates, 1868, Pseudonymphidia Callaghan, 1985 and Pixus Callaghan, 1982 
in the expanded dataset analysis (Fig 2) (Pachythone gigas Godman & Salvin 1878 was 
sequenced by Janzen’s barcode project). This group has high bootstrap support in our analysis 
and Espeland et al (2015) recognized that it could form a natural group given shared 
morphological characters. Lastly, the subtribes Nymphidiina and Lemoniadina sensu 
Callaghan and Lamas (2004) are not monophyletic. Lemoniadina is paraphyletic with regard 
to Aricorina, and Nymphidiina is polyphyletic, with the genera Calospila Geyer, 1832, 
Adelotypa Warren, 1895, Pandemos Hübner, [1819], Zelotaea Bates, 1868, Rodinia 
Westwood, 1851 and Setabis Westwood, 1851 forming a highly-supported sister clade to 
Lemoniadina + Aricorina. These three subtribes are thus redefined here (Table 2). 
Helicopini and Symmachiini are strongly supported monophyletic groups that reflect 
the classification in Lamas and Callaghan (2004) with the addition of Argyrogrammana 
Strand, 1932 in Symmachiini. There are two novel monophyletic well-supported tribal-level 
groups: 1) a clade containing Echenais Hübner, [1819], Echydna Hall, 2002 and Calydna, and 
2) a clade formed by Emesis Fabricius, 1807 and the North American Apodemia mormo 
(Felder & Felder, 1859) (the type-species for the Apodemia genus Felder & Felder, 1807). 
The latter two genera are not monophyletic, with Emesis gutatta (Stichel, 1910) and the South 
American Apodemia castanea placed elsewhere (Figs 1, 2 and Suppl. Mat. 1).  The position 
of Emesis guttata remains unclear as it appears both as sister to Riodinini without strong 
support for all analyses (58 bootstrap support ML, 0.9 MrBayes posterior) (time-independent 
analyses Figs 1, 2 and Suppl. Mat. 1) and to the clade Emesis + Apodemia (timed-tree). A new 
genus description for Emesis guttata will be provided elsewhere (Kaminski et al in prep.). 
All our analyses indicated Riodinini as a robust monophyletic group. Internally, there 
are three highly-supported groups: 1) the clade formed by Caria Hübner, 1823, Barbicornis 
Godart, [1824] and Chamaelimnas Felder & Felder, 1865, sister to all other Riodinini; 2) the 
Riodina Westwood, 1851 clade (including all three species of this genus); and 3) the Charis 
Hübner, [1819] clade, containing Charis, Detritivora Hall & Harvey, 2002, Calephelis Grote 
& Robinson, 1869, Crocozona Felder & Felder, 1865 and Lasaia Bates, 1868. This group 
includes several paraphyletic genera (Figs. 1, 2 and Suppl. Mat. 1). Two examples are: 1) the 
genus Detritivora, with Detritivora argyrea (Bates, 1868) sister to the rest of the clade except 
Lasaia, and 2) the genus Charis, with Charis cadytis Hewitson, 1866 sister to the clade 
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composed of Charis anius (Cramer, 1776) (type species of Charis), Calephelis and 
Crocozona (Figs 1 and 2 and Suppl. Mat 1). 
The expanded dataset analysis (Fig 2) recovered all the same groups as the other 
analyses (Figs 1, 3 and Suppl. Mat. 1), although bootstrap support values were generally 
lower. The only major difference is related to Dianesia carteri (Holland, 1902). In Fig 2, this 
taxon constitutes a long branch with no resolved relationships to the other tribes of Riodininae 
as it appears as sister to the Riodinini in Espeland et al (2015) and as sister to the 
Symmachiini in our analysis (Fig 2), therefore, we placed it in a new tribe (Table 2). The 
same treatment is applied to the odd Netropical Emesis guttata, also a long branch with 
uncertain position (see below). 
A revised higher classification of Riodinidae based on the phylogenies in figures 1, 2, 
3 and Suppl. Mat. 1 is presented on Table 2. Genera not sampled here or by Espeland et al. 
(2015) are omitted, but stable highly-supported groups are expected to remain monophyletic 
with the addition of such genera (Symmachiini, Helicopini and Riodinini sensu Callaghan and 
Lamas 2004). 
 
Timing of divergence  
The BEAST analysis favored a recent diversification of Riodinidae with the age of the 
crown clade estimated around 56 Mya (95% confidence interval = 52.4 - 60.7 Mya) for 
analysis with Riodinella fossil and 42 Mya (95% confidence interval = 35.8-49.1 Mya) for the 
analysis without Riodinella.  No topological differences where encountered between the two 
calibrations, and as the analysis that contained all fossil evidence is more congruent with the 
ages obtained independently by Heikkilä et al (2012), we therefore give preference to this 
analysis (Fig 3). 
The age of the clade that contains the redefined Nemeobiinae (Table 2) was estimated 
at 42.8 Mya (38.0 – 47.6 Mya), whereas the crown age of Euselasia was estimated at 26.5 
Mya (23.5 – 29.4 Mya) and the age of the Nemeobiini (Table 2) at 33.75 Mya (28.8 – 39.1 
Mya) (Fig 3). The age of Riodininae was estimated at 47.1 Mya (45.2 – 49.0 Mya), with the 
age of the redefined Eurybiini estimated at 42.4 Mya (45.2 – 49.0 Mya) and the age of the 
crown group of the remaining Riodininae tribes at 33.5 Mya (31.2 – 35.9 Mya) (Fig 3). 
Redefined tribes within the latter group aged between 16.2 Mya (13.2 – 19.3 Mya) for 
Emesini and 30.8 Mya (28.5 – 33.2 Mya) for Nymphidiini, see Fig 3. Nymphidiini subtribes 
aged between 21.5 Mya (19.5 – 23.6 Mya) for Pandemiina and 19.3 Mya (16.7 – 21.8 Mya) 
for Zabuellina (Fig 3).  Note, however, that in the BEAST analysis (with the Riodinella 
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calibration) the Zabuellina group appeared either as sister to the other tribes of Riodininae 
(Symmachiini, Helicopini and Riodinini) or as sister to the remaining Nymphidiini, and the 
final analysis had to be conducted by constraining the monophyly of Nymphidiini, which 
might in turn influence its age limits. 
For the calibration point of the Riodinella fossil the posterior was slightly younger 
than the prior used with a mean of 47.10 and 95% confidence interval of 49.05-45.22 million 
years. For the Theope fossil, posteriors ages are older than the prior calibration, with a mean 
of 21.33 Mya  (confidence interval: 19.3-23.4) whereas for the Voltinia dramba fossil 
posteriors are very similar to priors.  
 
DISCUSSION 
 
The higher classification of Riodinidae 
Riodinidae has been previously divided in two (Stichel 1910), five (Harvey 1987), or 
three subfamilies (Callaghan & Lamas 2004). Our analyses support Stichel’s classification 
into two subfamilies: 1) Nemeobiinae, containing the tribes Nemeobiini and Euselasiini, and 
2) Riodininae. The tribe Nemeobiini contains the subtribes Nemeobiina, corresponding to the 
Nemeobiini tribe of Espeland et al (2015), and Abisarina, containing all genera regarded as 
Abisarini by Espeland et al (2015) (Table 2, Table 3). Euselasiini contains only the genus 
Euselasia, with Hades syn. nov. and Methone syn. nov. synonymized to the former (Table 2).  
The remaining genera belong to the subfamily Riodininae, here divided in nine tribes 
(Figs. 2 and 3, Table 2). We divided Eurybiini into two subtribes: Mesosemiina and 
Eurybiina. This unites the five-radial forewing groups of Riodininae into a single 
monophyletic tribe. In our proposed classification, Nymphidiini includes seven subtribes: 
Zabuellina new subtribe, Pachythonina new subtribe, Stalachtina, Theopeina, Nymphidiina, 
Pandemina new subtribe and Lemoniadina. Zabuellina includes the type genus Zabuella, and 
also the genera Hallonympha and Harveyope, comprising ten known species. Stalachtina 
comprises the genera Stalachtis Hübner, 1818, previously the sole member of its own tribe, 
and Protonymphidia (previously in Theopeina), comprising ten known species. Pachythonina 
includes the type genus Pachythone and the genera Roeberella, Pixus and Pseudonymphidia, 
comprising 22 known species. The genus Pseudotinea is added to the subtribe Theopeina. The 
subtribe Lemoniadina includes Menander Hemming, 1939, Synargis Hübner, [1819], Juditha 
Hemming, 1964, Uraneis Bates, 1868, Thisbe Hübner [1819] and Lemonias Hübner, [1807] 
and all genera previously placed in Aricorina by Callaghan and Lamas (2004), namely 
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Aricoris Westwood, 1851 and Ariconias Hall & Harvey, 2002, comprising about 180 species, 
uniting genera that present larval anterior tentacle organs. Nymphidiina is redefined to contain 
three genera: Nymphidium, Catocyclotis Stichel, 1911 and Mycastor Callaghan, 1983, 
comprising 41 species. Pandemina includes the type genus Pandemos plus Adelotypa, 
Livendula Hall, 2007, Calospila, Rodinia, Setabis and Zelotaea, comprising 97 species. 
We suggest two new monotypic tribes: both long-branch lineages with no clear 
morphological or molecular affinities to the other tribes.  An unnamed new tribe containing a 
monotypic new genus for Emesis guttata Callaghan & Kaminski (in prep), and Dianesini new 
tribe containing the monotypic type genus Dianesia Harvey & Clench, 1980. Emesis guttata 
is separated from its sister clade by 27 Mya (24.8 – 30.2 Mya), well within the time-frame of 
the diversification of other tribes, appearing either as sister to Emesis (Fig 3) or to Riodinini 
(Figs 1, 3 and supplementary material 1). The genus Dianesia is also on a long branch in both 
phylogenies, appearing as sister to the Riodinini in Espeland et al (2015) or as sister to the 
Symmachiini in the present study (Fig 2), always with low bootstrap support or posterior 
probabilities. Dianesia and Emesis guttata alternative phylogenetic affinities are likely the 
results of long-branch attraction and should be regarded with care. To resolve their 
positioning and the relationship between many of the Riodininae tribes denser gene sampling 
will be necessary.  
Calydnini new tribe includes the type genus Calydna and the genera Echydna 
Echenais and Imelda Hewitson, 1870, comprising 22 species. Emesini new tribe includes its 
type genus Emesis and the genus Apodemia, including 50 species. The remaining tribes are 
mostly unchanged, with only the addition of Argyrogrammana to Symmachiini, and 
Astraeodes Staudinger, [1887] to Riodinini. The new position of Argyrogrammana is also 
supported by larval morphology, as it presents clear Symmachiini characteristics such as 
flattened larvae and the presence of non-functional tentacular nectary organ openings 
(Kaminski pers. obs.).  
Here, the four radial forewing venation insertae sedis group of Harvey (1987) is 
divided into four new tribes and one new subtribe of Nymphidiini. Additionally there are still 
six genera we were not able to sample, thus remaining as insertae sedis, namely: Callistium 
Stichel, 1911, Comphotis Stichel, 1910, Lamphiotes Callaghan, 1982, Machaya Hall & 
Willmott, 1995, Minstrellus Hall, 2007 and Petrocerus Callaghan, 1979. Espeland et al 
(2015) suggested that Lamphiotes, Machaya and Minstrellus are closely related to Pachythone 
(Table 3). 
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Differences between analyses 
We found few inconsistencies between hypotheses generated with different 
phylogenetic methods. The time-independent trees are similar, with only one group, 
Calydinini, changing position: in the bayesian tree it is sister to the tribes Nymphidiini, 
Helicopini, Emesini, Symmachiini and Riodinini (Supplementary material. 1), and in the ML 
and the timed-tree it is sister to Emesini, Helicopini, Symmachiini, Sertanini and Riodinini 
(Suppl. Mat. 1 and figs. 1 and 3). 
The timed-tree (Fig. 3) presents two inconsistencies: 1) Emesis guttata is sister to the 
Emesini clade instead of sister to Riodinini, and 2) the Zabuellina clade appeared either as 
part of Nymphidiini or together with Echenais telephus as sister to the other tribes of 
Riodininae (Helicopini, Emesini, Symmachiini and Riodinini) in the exploratory analyses, 
which in turn, caused mixing problems between runs. To avoid such problems we constricted 
the Nymphidiini tribe to be monophyletic, following the results of all time-independent 
analyses. Members of the Zabuellina show important morphological and natural history 
similarities to other Nymphidiini. Formerly classified in Apodemia, Hallonympha 
paucipuncta (Spitz, 1930) was subject to a systematic reassessment based on male genitalia 
characters (Penz & DeVries 2006), and it is the only species of Zabuellina for which 
immature morphology and behavior are known. The presence of vibratory papillae (DeVries 
et al. 2004) and obligate myrmecophily (Kaminski 2008) combined with genitalia 
morphology (Penz & DeVries 2006), reinforce its position as part of the myrmecophilous 
Nymphidiini tribe. 
The position of E. guttata remains uncertain, and morphology does not help resolve 
this issue. In fact, Hall and Harvey (2002b) stated that E. xanthosa and E. guttata (formely 
Emesis) do not possess male genitalia synapomorphies of any described tribes.  They 
considered these species insertae sedis within Emesis based on similarities in external 
morphology, but suggested that they might be best placed in a new genus.  
 
Comparison with the previous molecular phylogeny  
With few exceptions, our phylogenetic hypotheses are congruent with the recently 
proposed phylogeny for the Riodinidae (Espeland et al. 2015). The present results recovers 
the five forewing radial-veined groups of Riodininae as monophyletic (Eurybiini redefined), 
which we attribute to the broader sampling of molecular markers. Also we present more 
comprehensive taxonomic sampling and better-supported relationships for the Nymphidiini, 
clarifying a few questions posed by Espeland et al (2015). Although Stalachtina was also 
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recovered as part of Nymphidiini by Espeland et al (2015), the authors rejected this 
relationship based on a presumed absence of ant-organs in the immature stages of Stalachtis 
(no source was referenced) – possibly based on Stalachtis phlegia susanna (Fabricius, 1987) 
larvae found in the absence of ants in the southeast Brazil (Callaghan 1986b). Although 
Stalachtis do not have vibratory papillae, its sister group Protonymphida senta (Hewitson, 
1853) does, but they are reduced and only visible under a stereoscope (Kaminski, LA pers. 
obs.). Larvae of Stalachtis, however, possess tentacle nectary organs and can form facultative 
association with ants (Freitas, AVL and Kaminksi, LA, pers. obs., Stalachtis phlegia (Cramer, 
1779)). The strong support for grouping Stalachtis + Protonymphidia with other Nymphidiini 
subtribes (Fig. 1 and 2; see also Espeland et al. 2015) warrants the placement of their subtribe 
Stalachtiina within Nymphidiini. It also points to an interesting reduction or loss of organs 
associated with myrmecophily in this subtribe. Finally, the unique wing characteristics of 
Stalachtis that have justified its placement in a separate tribe are likely caused by the 
evolution of mimicry and aposematism after colonization of the Simaroubaceae host-plant 
family (Magaldi et al. in prep.). 
The dating analysis presented here differs from the study by Espeland et al. (2015), 
which recovered much older dates for the Riodinidae. Because those authors did not 
recognize Riodinella as part of Riodinidae, an additional calibration for the root was 
necessary and they used two secondary calibrations: one for the age of the split between 
Lycaenidae and Riodinidae (from Heikkilä et al. 2012), and another host-plant age prior on 
the crown node of Nemeobiinae (58 million years old ± 10, based on several Primulaceae 
fossils). Based on our analyses, molecular data alone tends to push the age of the root of 
Riodinidae towards a younger 42 million years old, and any prior applied to the root or the 
eldest nodes is going to pull the age of the tree backwards, as it happened with the Riodinella 
fossil. We believe that the host-plant prior is too conservative; even though the Nemeobiinae 
cannot be older than their host-plants, they can be much younger. Additionally, it is not 
advisable to add outgroups into a BEAST analysis (Drummond & Bouckaert 2015). This is 
mainly because outgroups are usually extremely subsampled, which violates assumptions of 
most models implemented on BEAST, and because they tend to be atypical taxa, evolving 
slowly, which has a biasing effect on the relaxed molecular clock (Suchard et al. 2003), 
towards older dates. These two factors together could explain the much older age found by 
Espeland et al. (2015). 
Espeland et al (2015) found no evidence for a decrease in Riodinidae diversification 
rates around the KPg event, contrasting what was shown for Nymphalidae (Wahlberg et al. 
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2009). However, our time estimates suggest that the Riodinidae is actually younger than, and 
should not have been affected by the mass extinction that followed the KPg event. The 
discrepancies between the dating and the reassessment of the Riodinella fossil position also 
affect the biogeography model by Espeland et al (2015), and cast some doubt over the original 
place of diversification of Riodinidae. 
 
Genus-level changes and recommendations 
In as much as our analyses based on molecular data included multiple species of most 
Neotropical genera, the phylogenies proposed here allowed us to propose some taxonomic 
changes at the genus level (Table 2). The Mesosemiina subtribe has few monophyletic genera, 
however, we do not propose changes to the Napaea section because some of the type species 
have not been sampled, the exception is Hyphilaria thasus, which is not part of Hyphilaria or 
Cremna (its previous genus), and should receive a new genus status (Seraphim et al in prep). 
The Mesosemia group is divided into three genera: 1) a new genus for the large and dark 
Mesosemia acuta and Semomesia nesti (Hewitson, 1858); 2) the small white butterflies in the 
genus Leucochimona; and 3) Mesosemia, for all remaining species, including species 
formerly assigned to Mesophthalma Westwood 1851 syn. nov., Perophthalma Westwood 
1851 syn. nov. and the remaining blue stripped species of Semomesia Westwood 1851  syn. 
nov. A larger review of this group would be welcomed, and could uncover further the 
taxonomic diversity of this clade. 
Nymphidiini does not pose many taxonomic challenges. Apodemia castanea is part of 
the novel Zabuellina group and here placed in Zabuella genus as Zabuella castanea (Prittwitz, 
1865) comb. nov., thus rendering Apodemia the only extant Riodininae genus exclusive to 
North America. Interestingly, the status of Z. castenea as a non-member of the genus 
Apodemia was recognized by Harvey and Clench (1980), based on male genitalia characters, 
but formal change were never been proposed. Mycastor nealces (Hewitson, 1871) is part of 
the Nymphidium clade, and should be reinstated as Nymphidium nealces Hewitson, 1871 
comb. rev. In the subtribe Pandemina a new genus description for Calospila emylius (Cramer, 
1775) and Calospila lucianus (Fabricius, 1793) is needed (Seraphim et al in prep).  
Despite previous efforts (Penz & DeVries 2006; Hall 2007b), Adelotypa remains 
polyphyletic. Penz and DeVries (2006) used a morphological phylogeny to uncover the 
position of Hallonypha paucipuncta (formely Apodemia)and discovered that Adelotypa and 
Calospila were also paraphyletic. Afterwards, Hall (2007) described the genus Livendula Hall 
2007 for a group of the Adelotypa species. Our analysis suggests that Livendula is 
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paraphyletic, with regard to Adelotypa asemna (Stichel, 1910). Livendula species are sister to 
the clade Adelotypa bolena (Butler, 1867) (the type species of Adelotypa) + Adelotypa 
borsippa (Hewitson, 1863), whereas A. asemna is nested within Livendula. Our suggestion is 
to keep both, Adelotypa and the newer Livendula, and transfer Adelotypa asemna (Stichel, 
1910) into the newer genus as Livendula asemna (Stichel, 1910) comb. nov.. Several other 
Adelotypa species can be part of the Livendula group (those with lavender scales in the dorsal 
wing of males), and full review of the genus is recommended. Additionally, another two 
species of Adelotypa need taxonomic changes.  Adelotypa penthea (Cramer, 1777) needs a 
new generic status and Adelotypa curulis (Hewitson, 1874) is here transferred to Catocyclotis 
as Catocyclotis curulis (Hewitson, 1874) comb. nov.  
Uraneis gen. rev. is reinstated, since the type species Uraneis hyalina (Butler, 1867) 
comb. rev. does not belong to the Thisbe  clade. The validity of Uraneis has faced some 
controversy in the literature, with authors proposing its synonymy with Thisbe (Hall and 
Harvey 2001) or its validity based on phylogenetic analysis of different morphological 
characters (Penz and DeVries 2001). Our analyses, on the other hand, supports Thisbe 
silvestre Kaminski, Iserhard & Freitas, 2015 + Thisbe irenea (Stoll, 1780) as sister to the 
Lemonias  clade, whereas Uraneis hyalina is sister to Synargis . Because both previous 
studies (Hall and Harvey 2001; Penz and DeVries 2001) support the monophyly of the 
species previously recognized under Uraneis, we choose to revalidate the previous 
combinations as Uraneis ucubis Hewitson, 1870 comb. rev., Uraneis incubus Hall, Lamas & 
Willmott, 2001 comb. rev. and Uraneis lycorias (Hewitson, [1853]) comb. nov., following 
Penz and DeVries (2001). 
The tribe Symmachiini is also in need for taxonomic revision, with the genera 
Symmachia Hübner, [1819] and Mesene Doubleday, 1847 paraphyletic in our analyses. In the 
tribe Riodinini, two problems are easily observed: 1) the Crocozona coecias (Hewitson, 1866) 
specimen sampled by Espeland et al (2015) grouped together with our Chamaelimnas (Fig. 
2), in the Caria clade, while the two remaining Crocozona coecias sampled by our study are 
in the Charis clade. Because our two samples were collected and handled separately, 
contamination seems improbable, and it is possible that the sample from the previous study 
was switched, contaminated or misidentified; and 2) our analysis suggest that the genera 
Charis, Detritivora, Crocozona and Calephelis are not monophyletic, despite recent 
taxonomic efforts (Hall & Harvey 2002a; Harvey & Hall 2002), and warrant future work with 
increased sampling. 
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Conclusions 
Our findings and those of Espeland et al (2015) make it clear that traditional 
taxonomic work using adult morphology to reconstruct the phylogenetic relationships of 
Riodinidae has been exhausted. For example, some of riodinid groups that have seen recent 
revision are plagued with paraphyletic and polyphyletic genera (Hall & Harvey 2002a; 
Harvey & Hall 2002; Hall 2005). This is especially troubling because some morphological 
characters thought to be homologous can arise through fusions of different structures in 
different lineages, as is the case for the transtilla in male genitalia (Penz & DeVries 2006). 
Good taxonomical work can be archived through the use of explicit phylogenetic methods and 
good character coding (i.e. Harvey 1987; Penz & DeVries 2006) or through the use of 
integrative taxonomy (i.e. coupling molecular markers with knowledge of life history, 
morphology and ecology; sensu Dayrat 2005). At higher levels, some characters appear to be 
stable and represent good synapomorphies for some groups, specially immature states 
characters, that to be a good source of information at tribal level for this group. We urge 
authors to consider the misleading characteristics of adult riodinid morphology in future 
revisions, avoiding taxonomic confusion. 
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Table 1. Sample table including: codes, identification, species authorship, locality and sequenced genes. Numbers represent the length of 
sequenced fragments. Localities outside Brazil are marked with country name in bold. (GenBank codes will be available after acceptance). 
Code Genus Species Author Locality ArgKin CAD COI EF1A GAPDH IDH MDH RPS5 wgl 
FM-50 Abisara rutherfordi Hewitson, 1874 Doumo – 
Cameroon 
382 397 612 499 521 461 729  357 
NS0271 Adelotypa asemna (Stichel, 1910) Foz do Breu – 
AC 
385 371 666      348 
NS0388 Adelotypa bolena (Butler, 1867) Vossoroca - PA 380 339 393 495     330 
NS0424 Adelotypa penthea (Cramer, 1777) Tapajós – PA 380 774 640 1203 522 396 690  351 
NS0119 Alesa amesis (Cramer, 1777) Porto de Mós – 
PA 
371 457 640 1240  459 733 473  
NS0159 Alesa amesis (Cramer, 1777) Porto de Mós – 
PA 
 455 608 1166  433 677  354 
NS0251 Alesa amesis (Cramer, 1777) Pedra Pintada – 
AC 
 455  501  433 662  333 
NS0351 Alesa amesis (Cramer, 1777) Tapajós – PA  495  504 522 439 723   
NS0235 Amarynthis meneria (Cramer, 1776) Tejo – AC 371 451 666 1240  396 733 414 299 
NW85-9 Amarynthis meneria (Cramer, 1776) Bocatoma 
Shilcayo – Peru 
  644 1240 648 665 383 617 390 
NS0334 Ancyluris aulestes (Cramer, 1777) Tapajós – PA 371 773 642 1221  448 733 544 339 
NS0467 Ancyluris tedea (Cramer, 1777) São Francisco de 
Paula - RS 
385  545   463 660 426 341 
NS0035 Anteros lectabilis Stichel, 1909 PN Sempre 
Vivas – MG 
370 395 642 992  354 685 617  
NS0386 Anteros formosus (Cramer, 1777) Ribeirão Grande 
– SP 
385 396 631 1202 514 435 717 578 354 
FS-ae-13 Apodemia mormo (Felder & Felder, 
1859) 
Fresno Co. – 
California/ USA 
  669 995      
NS0106 Apodemia castanea (Prittwitz, 1865) PN Sempre 
Vivas – MG 
370 844 640 1152 521 371 684   
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NS0509 Argyrogramman
a 
caesarion Lathy, 1958 Capão Bonito – 
SP 
 397 621 1198 492 435 666  354 
NS0046 Argyrogramman
a  
caesarion Lathy, 1958 Régua – RJ 384 396 666 1199 522 402 687  327 
NS0116 Ariconias glaphyra (Westwood, 1851) PN Sempre 
Vivas – MG 
371 844 640 1147 526 354 733  337 
NS0041 Aricoris caracensis (Callaghan, 2001) Brasília – DF 385 397 621 1199  463 686 570 357 
NS0043 Aricoris spn1  Brasília – DF 384 401 666 1202 519 395 688  351 
NS0044 Aricoris spn3  Brasília – DF 385 398 666 1202 560 385 366  351 
NS0075 Aricoris middletoni (Sharpe, 1890) PN Sempre 
Vivas – MG 
 396 620 1202 522 442 723  336 
NS0096 Aricoris spn2  Pirenópolis – GO 382 838 621 1203 521 461 723  353 
NS0124 Aricoris propitia (Stichel, 1910) Porto de Mós – 
PA 
378 772 639 1202 523 440 688  351 
NS0320 Aricoris signata (Stichel, 1910) Foz do Iguaçú – 
PR 
375 340 666 1190  355 624   
NS0038 Baeotis cf johannae Sharpe, 1890 PN Sempre 
Vivas – MG 
385 397 620 1191   690 469 353 
NS0072 Baeotis melanis Hübner, [1831] Serra do Japi - 
SP 
328 332 635   462 616 406 333 
NS0117 Baeotis hisbon (Cramer, 1775) PN Sempre 
Vivas – MG 
385  624 981 491  687  356 
NS0370 Barbicornis basilis Godart, [1824] Serra do Japi – 
SP 
348  666 1240 524 354 733 575 336 
NS0111 Calephelis aymaran McAlpini, 1971 PN Sempre 
Vivas – MG 
370 735 642 1068  433 558 550  
NS0014 Calospila emylius (Cramer, 1775) Paranaíta – MT 375 335 651 1240  376 613 617 299 
NS0092 Calospila lucianus (Fabricius, 1793) Pirenópolis – GO 385 773 607 1199 526 463 361 571 353 
NS0137 Calospila rhesa (Hewitson, 1858) Porto de Mós – 
PA 
370 720 640 1235 525 355 722 617 334 
NS0232 Calospila emylius (Cramer, 1775) Foz do Breu – 
AC 
385  666 973   354  351 
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NS0510 Calospila parthaon (Dalman, 1823) Reserva do Una 
– BA 
 397 643 504 525 462   366 
NS0185 Calydna catana Hewitson, 1859 Acuriá – AC 385 729 642 1125  462 666 415  
NS0258 Calydna thersander (Stoll, 1780) Foz do Breu – 
AC 
385 398 640      310 
NS0356 Calydna venusta Stichel, 1929 Recife – PE 365 832 633 1190 524  733 543 342 
NS0361 Calydna cea Hewitson, 1859 Recife – PE 385 397 640 1188 416  660 575 358 
NS0326 Caria plutargus (Fabricius, 1793) Foz do Iguaçú – 
PR 
362 401 666 1240  398 733 571 339 
NS0327 Caria marsyas Godman, 1903 Foz do Iguaçú – 
PR 
385  646 1198 522 462 724 571 330 
NS0492 Caria trochilus Erichson, [1849] Tapajós – PA 385  666 1203 520  688 428  
NS0247 Cartea ucayala Thieme, 1907 Pedra Pintada – 
AC 
349 729 647 952 527 390 722  341 
NS0340 Cartea vitula (Hewitson, [1853]) Tapajós – PA 371 610 646 1197 558 483 732 515 357 
NS0052 Catocyclotes aemulius (Fabricius, 1793) Régua – RJ 371 789 637 1188 520 397  548 337 
EW28-1 Celastrina neglecta    850 669 1015 673 710 733  400 
NS0286 Chalodeta theodora (Felder & Felder, 
1862) 
Pedra Pintada – 
AC 
380 732 476 1240  396 661  289 
NS0381 Chalodeta chelonis (Hewitson, 1866) Serra do Caparaó 
- ES 
330 727 666 1240 558 449 733 560 339 
NS0229 Chamaelimnas briola Stichel, 1916 Foz do Breu – 
AC 
381  635 1199  385 733 508 310 
NS0291 Chamaelimnas briola Stichel, 1910 Itirapina – SP 385  666 1090 519  660 576 361 
NS0214 Charis anius (Cramer, 1776) Caipora – AC 381 450 589 1223  396 681 226 339 
NS0512 Charis cadytis Hewitson, 1866 Serra do Japi – 
SP 
 771 622 503  456 723  354 
NS0513 Charis cadytis Hewitson, 1866 Serra do Japi – 
SP 
 447 621 1201  436 723  332 
NS0316 Chorinea amazon (Saunders, 1859) Foz do Iguaçú – 
PR 
364 844 456 1240 527 399 733 565 341 
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NS0371 Chorinea licursis (Fabricius, 1775) Serra do Japi – 
SP 
385  646 1199 523 457 660  354 
NS0195 Crocozona coecias (Hewitson, 1866) Foz do Breu – 
AC 
365 452 642 1240 505 455 340 537 339 
NW85-10 Crocozona coecias (Hewitson, 1866) Bocatoma 
Shilcayo – Peru 
  644 1077     389 
PM03-14 Curetis barsine  Wafi River – 
Morobi/ Papua 
New Guinea 
 412 669 1166  475 407 617 400 
NS0417 Dachetola azora (Godart, [1824]) Rio Doce – MG 349 811 624 1240 556 433 733 501 342 
NS0018 Detritivora tefe (Harvey & Hall, 
2002) 
Mânseo Lima – 
AC 
380 451 641 1029  436 682 539  
NS0237 Detritivora argyrea (Bates, 1868) Pedra Pintada – 
AC 
  666 1177  392 361   
NS0415 Detritivora ma (Harvey & Hall, 
2002) 
Chapada dos 
Guimarães – MT 
376 451 638 1200 557 442 693 450 339 
NS0290 Echenais thelephus (Cramer, 1775) Tejo – AC 385  642 1172 524  661 488 337 
NS0192 Echydna chaseba (Hewitson, 1854) Foz do Breu – 
AC 
372 787 642 1199  391 733 489 314 
NS0239 Echydna punctata (Felder & Felder, 
1861) 
Foz do Breu – 
AC 
385  666 1095  436 389  340 
NS0012 Emesis lucinda (Cramer, 1775) Paranaíta – MT 374 844 642 1199 519 399  617 292 
NS0104 Emesis guttata (Stichel, 1910) PN Sempre 
Vivas – MG 
385 771 602 1000 520 461 362  355 
NS0245 Emesis cerea (Linnaeus, 1767) Foz do Breu – 
AC 
  642 1164    454  
NS0259 Emesis spreta Bates, 1868 Foz do Breu – 
AC 
379 338 666 1195  439   351 
NS0321 Emesis cerea (Linnaeus, 1767) Foz do Iguaçú – 
PR 
 773 640 713 526 456   355 
NS0324 Emesis diogenia Prittwitz, 1865 Foz do Iguaçú – 
PR 
364 406 635 1124 499 436    
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NS0325 Emesis ocypore (Geyer, 1837) Foz do Iguaçú – 
PR 
370 771 666 452 499 404    
NS0331 Emesis neemias Hewitson, 1872 Foz do Iguaçú – 
PR 
370 818 639 1192  464   351 
NS0453 Emesis spn nr 
lucinda 
 Usina Serra 
Grande – AL 
385 361 666 1167  439  500 342 
PDV-94-
T022 
Emesis nr mandana (Cramer, 1780)    340 1037     346 
NS0332 Eunogyra curupira Bates, 1868 Tapajós – PA 380 343 405 1190 605  733 549 336 
NS0090 Eurybia rubeolata Stichel, 1910 Brasília – DF  835 619 1199 490 459 699 572 390 
NS0150 Eurybia halimede (Hübner, [1807]) Porto de Mós – 
PA 
385  546 1201 520  692 536 356 
NS0242 Eurybia nicaeus (Fabricius, 1775) Foz do Breu – 
AC 
 450 642 1126  461 613  313 
NS0243 Eurybia albiseriata Weymer, 1890 Pedra Pintada – 
AC 
385 432 641 1170   656 409 314 
NS0257 Eurybia molochina Stichel, 1910 Foz do Breu – 
AC 
385  639 1051  463    
NS0261 Eurybia patrona Weymer, 1875 Foz do Breu – 
AC 
385  666 1199   663 502 356 
NS0363 Eurybia pergaea (Geyer, 1832) Serra do Japi – 
SP 
379 814 666 1222  399 733 562 339 
06-srnp-
33176 
Euselasia chrysippe (Bates, 1866) Area de 
Conservación 
Guanacaste – 
Costa Rica 
 401 612 483 644 710 406 600 400 
NS0070 Euselasia thucydides (Fabricius, 1793) Serra do Caparaó 
- ES 
379 835 620 502 438 398 722   
NS0102 Euselasia mys Stichel, 1919 PN Sempre 
Vivas – MG 
371 465 642 986 461 456 687 541 295 
NS0153 Euselasia eugeon (Hewitson, 1856) Porto de Mós – 
PA 
380  638 492 449    356 
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NS0155 Euselasia sp.  Porto de Mós – 
PA 
385  638       
NS0156 Euselasia mys Stichel, 1919 Porto de Mós – 
PA 
385  639   462 399 469 340 
NS0202 Euselasia erilis Stichel, 1919 Foz do Breu – 
AC 
379 338 666 1199 603 448  550 339 
NS0203 Euselasia attrita Seitz, 1916 Foz do Breu – 
AC 
 836 666 1166 522 440   352 
NS0227 Euselasia euromus (Hewitson, 1856) Foz do Breu – 
AC 
385 773 666 1199 522 461 616 560 352 
NS0228 Euselasia eustola Stichel, 1919 Foz do Breu – 
AC 
385 313 666 1181 525 459 613 565 353 
NS0234 Euselasia eusepus (Hewitson, [1853]) Foz do Breu – 
AC 
385  623       
NS0238 Euselasia gordios Stichel, 1919 Foz do Breu – 
AC 
385  641   430    
NS0250 Euselasia uria (Hewitson, [1853]) Pedra Pintada – 
AC 
385 734 666  514 463 660 565  
NS0263 Euselasia opalescens (Hewitson, [1855]) Foz do Breu – 
AC 
385 336 666 1196 520 463 657 574 371 
NS0445 Euselasia hygenius (Stoll, 1787) Foz do Iguaçú – 
PR 
384  666 1160 522 439 689  340 
NS0448 Euselasia eucerus (Hewitson, 1872) Foz do Iguaçú – 
PR 
  649 750 569   617 400 
MM04799 Favonius quercus  Finland  850 669 927  698 402 593 396 
NS0115 Harveyope tinea (H.W. Bates, 1868) PN Sempre 
Vivas – MG 
  640 982 512 354 613   
NS0107 Halonympha paucipuncta (Spitz, 1930) PN Sempre 
Vivas – MG 
373 844 642 1191 522 388 686   
NW84-13 Hamearis lucina  Sweden  413 644 1240  710 733 617 386 
NS0346 Helicopis gnidus (Fabricius, 1787) Tapajós – PA 385  642 1155   660 573  
NS0347 Helicopis cupido (Linnaeus, 1758) Tapajós – PA 370 814 666 964 523 430 733 580 339 
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NS0079 Hyphilaria thasus (Stoll, 1780) Bambuí – MG  365 451 641 687  356 733   
NS0313 Hyphilaria thasus (Stoll, 1780) Foz do Iguaçú – 
PR 
380 727 642 717 522 400 733 570 336 
NS0344 Hyphilaria parthenis (Westwood, 1851) Tapajós – PA  355 545 981  460 645 495  
NS0345 Hyphilaria nicia Hübner, [1819] Tapajós – PA  398 641   462  564 354 
NS0047 Ionotus alector (Geyer, 1873) Régua – RJ 380 347 640 1018 520 400 317 438 343 
NS0432 Isapsis agyrtus (Cramer, 1777) Tapajós – PA  448 640 1240  357 733 424 338 
NS0248 Ithomeis aurantiaca Bates, 1862 Pedra Pintada – 
AC 
377 347 640 1008 524 398 698  336 
NS0378 Ithomiola nepos (Fabricius, 1793) Ribeirão Grande 
– SP 
371 513 647 543 561 398 733 565 338 
NS0098 Juditha molpe (Hübner, [1808]) PN Sempre 
Vivas – MG 
382 398 666 1199 522 437 688  333 
NS0276 Juditha pulcherrima (Butler, 1867) Caipora – AC  733 641 1031  462   337 
NS0281 Juditha molpe (Hübner, [1808]) Pedra Pintada – 
AC 
373 773 642 1240  438    
NS0318 Juditha molpe (Hübner, [1808]) Foz do Iguaçú – 
PR 
370 827 641 1199 523 398 685 617 339 
NS0015 Lasaia agesilas (Latreille, [1809]) Cruzeiro do Sul 
– AC 
372 844 661 1240 647 354 656 572 288 
NS0033 Lemonias zygia Hübner, [1807] Mogi das Cruzes 
– SP 
380 341 640 965  356    
NS0093 Lemonias stalachtioide
s 
(Butler, 1867) Pirenópolis – GO 384 772 647 1199 526 442 688  354 
NS0058 Leucochimona icare (Hewitson, 1873) Serra do Japi – 
SP 
372 776 666 982 575  733 550 343 
NS0480 Leucochimona lagora (Herrich-Schäffer, 
[1853]) 
Puerto Berrio – 
Antioquia/ 
Colombia 
385  451      338 
NS0020 Livendula leucophaea (Hübner, [1821]) Mânseo Lima – 
AC 
385 402 621 1193  461 723 569 359 
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NS0091 Livendula huebneri (Butler, 1867) Pirenópolis – GO 371 347 642 1159 525 430 686  339 
NS0127 Livendula epixanthe (Stichel, 1911) Porto de Mós – 
PA 
371 772 642 1239 524 386 515   
NS0429 Livendula aristus (Stoll, 1790) Tapajós – PA 385  640      345 
JL10-14 Lycaena alciphron     669 1202  666 406 609  
NS0409 Lyropteryx terpsichore Westwood, 1851 Chapada dos 
Guimarães – MT 
328 730 648 1199  403 733 561  
NS0101 Melanis smithiae (Westwood, 1851) PN Sempre 
Vivas – MG 
376 716 636 1169 520 448 685  345 
NS0108 Melanis aegates (Hewitson, 1874) PN Sempre 
Vivas – MG 
383 771 592 1199 520 461 686 569 355 
NS0160 Melanis electron (Fabricius, 1793) Porto de Mós – 
PA 
385 389 666   461 686 499  
NS0103 Menander menander (Stoll, 1780) PN Sempre 
Vivas – MG 
378 752 666 1159 520  733 499  
NS0278 Mesene leucophrys Bates, 1868 Pedra Pintada – 
AC 
372  541 985 523 385 658  342 
NS0308 Mesene croceella Bates, 1865 EE Jataí – GO 385 398 641 1193 519  615 573 354 
NS0481 Mesenopsis jordana Dias et al, 2013 Campos do 
Jordão – SP 
385 731 646 1081 420 348 661 540 339 
NS0191 Mesophthalma idotea Westwood, 1851 Base REAJ – AC  361 666      342 
05-srnp-
48598 
Mesosemia lamachus Hewitson, 1857 Area de 
Conservación 
Guanacaste – 
Costa Rica 
 359 668 910 645 709 322 600 400 
NS0016 Mesosemia  sp.  Cruzeiro do Sul 
– AC 
380 348 666 1102 603  622 501  
NS0053 Mesosemia rhodia (Godart, [1824]) Régua – RJ  836 620 1135 603 397 614 617 339 
NS0086 Mesosemia cf mayi Lathy, 1958 Itatiaia – RJ 385 773 600 1186 519  690 565 384 
NS0087 Mesosemia acuta Hewitson, 1873 Itatiaia – RJ 385 777 621 1135   723 569 353 
NS0162 Mesosemia sirenia Stichel, 1919 Porto de Mós – 385 398 666 1152 490  559 541 353 
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PA 
NS0179 Mesosemia  sp.  Porto de Mós – 
PA 
385 729 620 1201 430  666 565 375 
NS0182 Mesosemia  sp.  Base REAJ – AC 385  637       
NS0256 Mesosemia spn nr bella  Foz do Breu – 
AC 
 353 623       
NS0272 Mesosemia sifia (Boisduval, 1836) Foz do Breu – 
AC 
 371 646     490 356 
NS0274 Mesosemia nyctea (Hoffmannsegg, 
1818) 
Caipora – AC 385 396 543     492 353 
NS0280 Mesosemia amarantus Stichel, 1919 Pedra Pintada – 
AC 
385 351 642    560 501 352 
NS0366 Mesosemia mevania Hewitson, [1857] San Antonio – 
Cali/Colombia 
 448 642 1185 493  658 577 357 
NS0505 Mesosemia acuta Hewitson, 1873 Serra do Caparaó 
– ES 
 821 669 1198 515  728   
NS0013 Metacharis lucius (Fabricius, 1793) Paranaíta – MT 365 727 659 641  386 355 534  
NS0233 Metacharis lucius (Fabricius, 1793) Foz do Breu – 
AC 
385 383 543    349 502 332 
NS0254 Metacharis regalis Butler, 1867 Foz do Breu – 
AC 
385 399 666 1195 519  702 497 334 
NS0364 Metacharis ptolomaeus (Fabricius, 1793) Serra do Japi – 
SP 
385 355 642 1176  436 616 572 349 
NS0483 Metacharis nigrella Bates, 1868 Tapajós – PA 385 355 650 1201 554  660 515 357 
PM03-10 Miletus boisduvali  Taliabu Is. – 
Indonesia 
 412 669    406   
NS0507 Monethe alphonsus (Fabricius, 1793) Jaceguaba – SP      399   273 
NS0379 Mycastor leucarpis (Stichel, 1925) Serra do Caparaó 
– ES 
 451 573 1188 522 452    
NS0380 Mycastor leucarpis (Stichel, 1925) Serra do Caparaó 
– ES 
385 372 528       
NS0435 Napaea heteroea (Bates, 1867) Tapajós – PA 385  647 741  436 682 413 353 
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NS0076 Nirodia belphegor (Westwood, 1851) PN Sempre 
Vivas – MG 
328 556 639 1170 520 399 655 542 345 
NS0303 Notheme erota (Cramer, 1780) EE Jataí – GO 374 844 666 1240 520 398 643 565 339 
NS0017 Nymphidium baeotia Hewitson, [1853] Mânseo Lima – 
AC 
372 449 642 1071 568  733 491  
NS0026 Nymphidium sp.  Xambioá – TO 385 398 605 1199  462  571 361 
NS0027 Nymphidium caricae (Linnaeus, 1758) Xambioá – TO 369 731 340 1031 561 389  617  
NS0030 Nymphidium baeotia Hewitson, [1853] Xambioá – TO 385  606 1164   399 565 294 
NS0144 Nymphidium azanoides Callaghan, 1986 Porto de Mós – 
PA 
385 370 519 1201 522  371 495 342 
NS0205 Nymphidium ascolia Hewitson, [1853] Foz do Breu – 
AC 
385  587   463   350 
NS0208 Nymphidium ascolia Hewitson, [1853] Caipora – AC 385 451 666 1193 506 462  562 353 
NS0209 Nymphidium ascolia Hewitson, [1853] Caipora – AC 385 365 666 1199 493 461  493 225 
NS0210 Nymphidium leucosia (Hübner, [1806]) Caipora – AC 385 381 666   462  429  
NS0218 Nymphidium mantus (Cramer, 1775) Caipora – AC 385 835 666 1199    551 354 
NS0219 Nymphidium baeotia Hewitson, [1853] Caipora – AC 385  666  508   565 342 
NS0282 Nymphidium fulminans Bates, 1868 Pedra Pintada – 
AC 
385 397 639     475 310 
NS0283 Nymphidium caricae (Linnaeus, 1758) Pedra Pintada – 
AC 
385  666   463  487 256 
NS0296 Nymphidium lisimon (Stoll, 1790) Itirapina – SP 385  666 1183 497 463  565 224 
NS0358 Nymphidium cf olinda Bates, 1865 Recife – PE 385 773 640 1199 518 429 582 500 340 
NS0359 Nymphidium acherois (Boisduval, 1836) Recife – PE 385 397 640  523 463 614 568 354 
NS0431 Nymphidium chione Bates, 1867 Tapajós – PA 385  539 1149 519 435  501 337 
NS0120 Panara phereclus (Linnaeus, 1758) Porto de Mós – 
PA 
361 773 642 1240  398 733 543  
NS0253 Panara phereclus (Linnaeus, 1758) Foz do Breu – 
AC 
374 347 647 1240  391 671   
NS0365 Panara soana Hewitson, 1875 Serra do Japi – 
SP 
371 519 642 1084 529 480 686 426 271 
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NS0501 Panaropsis spn  Camacan – BA  513 621 1164 562  723 424 341 
NS0462 Pandemos pasiphae (Cramer, 1775) Tapajós – PA  450 666 1237 529 397 661 502 334 
NS0074 Parcella amarynthina (Felder & Felder, 
1865) 
Brasília – DF 327 844 642 1157 520 436 658 540 342 
NS0348 Perophthalma tullius (Fabricius, 1787) Tapajós – PA 370  650 1169 615 474 655 499 341 
NS0298 Phaenochitonia fuliginea (Bates, 1868) Pé do Gigante – 
SP 
385 399 666     572 348 
NS0495 Phaenochitonia cingulus (Stoll, 1790) Tapajós – PA 385 355 666  509  733 501  
NS0008 Pheles atricolor (Butler, 1871) Mogi Guaçú – 
SP 
375 766 659 994  470 722 594 338 
NS0398 Pheles heliconides Herrich-Schäffer, 
[1853] 
Rio Doce – MG 380 732 666 1147 561 433 733 576 339 
NS0061 Pirascca sagaris (Cramer, 1775) Serra do Japi – 
SP 
371 844 642 981 520  687 592  
NS0497 Protonymphidia senta (Hewitson, 1853) Cazumba – AC  819 640 1199 561 444 658 617 339 
NS0456 Pseudotinea hemis (Schaus, 1927) São Francisco de 
Paula – RS 
  637 1202   235   
NS0457 Pseudotinea hemis (Schaus, 1927) São Francisco de 
Paula – RS 
385 392 492 1151 521  357   
NS0288 Rhetus periander (Cramer, 1777) Acuriá – AC 365 777 666 1217 528 480 720 541 333 
NS0506 Rhetus arcius (Linnaeus, 1763) Serra do Caparaó 
– ES 
 773 621 504 523 435 723   
NS0110 Riodina lycisca (Hewitson, [1853]) PN Sempre 
Vivas – MG 
376 409 642 1210 525 398 615 526 339 
NS0440 Riodina lysippus (Linnaeus, 1758) Tapajós – PA 385  640 1147   660 471 355 
NS0460 Riodina lysippoides Berg, 1882 Alegrete – RS 385  666 1202  431 657 497 353 
NS0485 Rodinia calphurnia (Saunder, 1850) Tapajós – PA  717 583 773  396 613 472 339 
NS0362 Roeberella lencates (Hewitson, 1875) Recife – PE 371 348 648 717  269 334 501  
NS0141 Sarota completa Hall, 1998 Porto de Mós – 
PA 
370 772 353 733  449 733 421  
NS0213 Sarota myrtea Godman & Salvin, Caipora – AC 385 361 607       
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NS0337 Sarota acanthoides (Herrich-Schäffer, 
[1853]) 
Tapajós – PA 385  666    355 499 239 
NS0360 Sarota acanthoides (Herrich-Schäffer, 
[1853]) 
Recife – PE 385 367 642  444  610   
NS0142 Semomesia marisa (Hewitson, 1858) Porto de Mós – 
PA 
361 773 636 1009   732 449 324 
NS0225 Semomesia croesus (Fabricius, 1776) Foz do Breu – 
AC 
384 358 666 1143    498 345 
NS0181 Setabis velutina (Butler, 1867) Base REAJ – AC 372 774 642 1240 522 399 733 541 339 
NS0488 Setabis epitus (Cramer, 1780) Tapajós – PA   666 1168  456 725  351 
NS0477 Siseme aristoteles (Latreille, [1809]) Belmira – 
Antioquia/ 
Colombia 
385 451 645 1240  398 682 522 337 
BLU164 Stalachtis calliope (Linnaeus, 1758)    669  691   613  
BLU166 Stalachtis euterpe (Linnaeus, 1758)    669  691   613  
BLU170 Stalachtis phlegia (Cramer, 1779)    669  690   613  
NS0420 Stalachtis calliope (Linnaeus, 1758) Tapajós – PA 370 731 402 1153  448 689 571 339 
NS0105 Stichelia bocchoris (Hewitson, 1876) PN Sempre 
Vivas – MG 
371 731 642 1111 513   492  
NN77 Styx infernalis Staudinger, 1876 Junín, Puente 
Puntayacu - Peru 
 412 669 1086 647 669  617 400 
NS0401 Symmachia praxila Westwood, 1851 Rio Doce – MG 320 765 535 1073 559  686 576 339 
NS0503 Symmachia accusatrix Westwood, 1851 Camacan – BA   622 1201   680 493  
NS0504 Symmachia sp.  Capão Bonito - 
SP 
 398 621 716 512     
NS0511 Symmachia sp.  Capão Bonito - 
SP 
 335 621      335 
NS0040 Synargis axenus (Hewitson, 1876) Brasilia – DF 371 347 637 1240 520  683 617  
NS0050 Synargis ethelinda (Hewitson, 1860) Régua – RJ 385 402 621 1202   710 607 356 
NS0146 Synargis galena (Bates, 1868) Porto de Mós – 380 774 666 1200 526 464  617 339 
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PA 
NS0176 Synargis calyce (Felder & Felder, 
1862) 
Porto de Mós – 
PA 
385 398 604 1199 491  354 332 384 
NS0231 Synargis dirca (Stichel, 1911) Foz do Breu – 
AC 
382  624       
NS0383 Synargis regulus (Fabricius, 1793) Serra do Caparaó 
– ES 
380 818 457 1201 523 406 688  300 
NS0473 Synargis paulistina (Stichel, 1910) Campos do 
Jordão – SP 
  650 1202  438 689  351 
NS0484 Synargis abaris (Cramer, 1776) Tapajós – PA 385 361 589 1152 520 410 705  355 
NS0493 Synargis orestessa Hübner, [1819] Tapajós – PA 385 354 666 1203 519  362  355 
NS0463 Syrmatia nyx (Hübner, [1817]) Serra do Japi – 
SP 
385  451 773   661 426 338 
NW148-12 Takashia nana  Tschingling 
Mts., Taibeichan 
Nat. Res. – 
China 
 773 644 1200 496 435 689  358 
NS0140 Themone pais (Hübner, [1820]) Porto de Mós – 
PA 
370 777 642 1238 524 390 733 526  
NS0279 Themone pais (Hübner, [1820]) Pedra Pintada – 
AC 
376 731 630 1089  447 663 617 289 
NS0336 Themone pais (Hübner, [1820]) Tapajós – PA 376 773 642 769  402 733   
NS0004 Theope sp.  Paranaíta – MT 385 402 621 1201  463 651 572 356 
NS0039 Theope terambus (Godart, [1824]) Brasília – DF 372  620 864  354    
NS0082 Theope sp.  Pedra Pintada – 
AC 
385 397 592 1164  430 399  347 
NS0083 Theope sp.  Foz do Breu – 
AC 
385 398 545   463 401  353 
NS0100 Theope leucanthe Bates, 1868 PN Sempre 
Vivas – MG 
372 643 666 1145  463 346 568  
NS0300 Theope nycteis Westwood, 1851 Pé do Gigante – 
SP 
385 368 639     500 342 
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NS0394 Theope decorata Godman & Salvin, 
1878 
Uvita – Costa 
Rica 
385 353 364   463 660 576 355 
NS0396 Theope thestias Hewitson, 1860 Rio Doce – MG 383 360 364 1202 526 463  573 355 
NS0397 Theope sp.  Rio Doce – MG 384 354 364 1240 554 461  483 354 
NS0081 Thisbe silvestre Kamisnki et al, 
2016  
Serra do Caparaó 
– ES 
374 782 642 964  381 733 617 337 
PDV-94-
T013 
Thisbe hyalina (Butler, 1867) Garza Cocha-
Anangu - 
Ecuador 
  669 1049     400 
NS0375 Voltinia cebrenia (Hewitson, [1873]) Ribeirão Grande 
– SP 
371 835 640 543  399 607 573 339 
NS0377 Voltinia agroeca (Stichel, 1919) Serra do Caparaó 
– ES 
385  641   461 658 576 356 
NS0508 Voltinia phryxe (Felder & Felder, 
1865) 
Ilhéus – BA  772 616 1190  442 690  277 
NS0372 Zabuella tenellus (Burmeister, 1878) Los Locos – 
Córdoba/ 
Argentina 
375 401 650 1199 525 397 733   
NS0138 Zelotaea phasma Bates, 1868 Porto de Mós – 
PA 
379 342 666 1191 600 397 733 473  
JM4-12 Zemeros flegyas  Ban Nan Hai – 
Laos 
378  665 1192     336 
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Table 2.  Revised classification of Riodinidae. Genera not included in our analyses are treated 
in Table 3.  
Proposed classification      Included species  Former generic placement 
1 Nemeobiinae: Nemeobiini: Nemeobiina 
Zemeros Boisduval, [1836]   
Styx Staudinger, 1876   
Corrachia Schaus, 1913   
Abisara C. & R. Felder, 1860   
Stiboges Butler, 1876   
Dodona Hewitson, 1861   
Takashia Okano & Okano, 1985   
Hamearis Hübner, [1819]   
Polycaena, Staudinger, 1886   
   
1 Nemeobiinae: Nemeobiini: Abisarina 
Abisara C. Felder & R. Felder, 1860   
Afriodinia d’Abrera, 2009   
Saribia Butler, 1878   
Dicallaneura Butler, 1867   
Laxita Butler, 1879   
Taxila Doubleday, 1847   
Archigenes Fruhstorfer, 1914   
Praetaxila Fruhstorfer, 1914   
Paralaxita Eliot, 1978   
   
Nemeobiinae: Euselasiini   
Euselasia Hübner, [1819]   
=Methone E. Doubleday, 1847 syn. nov. cecilia* (Cramer, 1777) syn. nov. Methone E. Doubleday, 1847 
=Hades Westwood 1851 syn. nov. noctula* (Westwood, 1851) syn. nov. Hades Westwood 1851 
 hecamede (Hewitson, 1870) syn. nov. Hades Westwood 1851 
   
Riodininae: Eurybiini: Eurybiina   
Alesa Doubleday, 1847   
Eurybia [Illiger], 1807   
   
Riodininae: Eurybiini: Mesosemiina : Eunogyra section 
Eunogyra Westwood, 1851   
 
Riodininae: Eurybiini: Mesosemiina : Napaea section 
Hyphilaria Hübner, [1819]   
Hyphilaria thasus  Needs new genus description Seraphim et 
al in prep 
 
Ionotus Hall, 2005   
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2 Napaea Hübner, [1819]   
Hermathena Hewitson, 1874   
Ithomiola C. & R. Felder, [1865]   
2 Voltinia Stichel, 1910   
 
Riodininae: Eurybiini: Mesosemiina : Mesosemia section 
Leucochimona Stichel, 1909   
Mesosemia acuta  Needs new genus description, Seraphim et 
al in prep 
acuta (Hewitson, 1873) 
 
Mesosemia Hübner [1819] 
 nesti (Hewitson, 1858) Semomesia Westwood 1851  
Mesosemia Hübner, [1819]   
=Perophthalma Westwood 1851 syn. nov. tullius* (Fabricius 1787) syn. nov.  Perophthalma Westwood 1851  
 lasus (Westwood, 1851) syn. nov. Perophthalma Westwood 1851  
 lasciva (Stichel, 1929) syn. nov. Perophthalma Westwood 1851  
=Mesophthalma Westwood 1851 syn. nov. idotea* (Westwood 1851) syn. nov.  Mesophthalma Westwood 1851  
 mirita (Herrich-Schäffer, [1853] syn. nov. Mesophthalma Westwood 1851  
=Semomesia Westwood 1851 syn. nov.  croesus* (Fabricius 1776) syn. nov. Semomesia Westwood 1851 
 marisa Hewitson 1859 comb. rev.  Semomesia Westwood 1851 
 geminus (Fabricius, 1793) syn. nov. Semomesia Westwood 1851 
 alyattes (J. Zikán, 1952) syn. nov. Semomesia Westwood 1851 
 capanea (Cramer, 1779) syn. nov. Semomesia Westwood 1851 
 macaris Hewitson, 1859 comb. rev. Semomesia Westwood 1851 
 tenella (Stichel, 1910) syn. nov. Semomesia Westwood 1851 
   
Riodininae: Nymphidiini: Zabuellina n. subtribe 
Zabuella Stichel, 1911   
 castanea (Prittwitz 1865) comb. nov. Apodemia C. Felder & R. Felder 1865 
Hallonympha Penz & DeVries, 2006   
Harveyope Penz & DeVries, 2006   
   
Riodininae: Nymphidiini: Stalachtina 
Stalachtis, Hübner, 1818   
Protonymphidia Hall, 2000   
   
Riodininae: Nymphidiini: Pachythonina n. subtribe 
Pachythone H. W. Bates, 1868   
Pseudonymphidia Callaghan, 1985   
Roeberella Strand, 1932   
Pixus Callaghan, 1982   
   
Riodininae: Nymphidiini: Theopeina 
Theope E. Doubleday, 1847   
Pseudotinea Hall & Callaghan, 2003   
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Riodininae: Nymphidiini: Nymphidiina 
Catocyclotis Stichel, 1911   
 curulis (Hewitson, 1874) comb. nov. Adelotypa Warren, 1895 
Mycastor Callaghan, 1983   
Nymphidium Fabricius, 1807   
 nealces Hewitson, 1871 comb. rev.  Mycastor Callaghan, 1983 
   
Riodininae: Nymphidiini: Pandemina n. subtribe 
Calospila emylius  Needs new genus description, Seraphim et 
al in prep 
emylius (Cramer 1775) 
Calospila Geyer 1832 
 lucianus (Fabricius 1793) Calospila Geyer 1832 
Adelotypa Warren, 1895   
Livendula Hall, 2007   
 asemna (Stichel, 1910) comb. nov. Adelotypa Warren, 1895 
Pandemos Hübner, [1819]   
Zelotaea Bates, 1868   
Rodinia Westwood, 1851   
2 Calospila Geyer, 1832   
2 Setabis Westwood, 1851   
   
Riodininae: Nymphidiini: Lemoniadina 
Menander Hemming, 1939   
Synargis Hübner, [1819]   
Adelotypa penthea  Needs new genus description, Seraphim et 
al in prep 
 
Uraneis Bates, 1868 gen. rev.  hyalina (Butler 1867) comb. rev.  Thisbe Hübner [1819] 
 incubus Hall et al 2001 comb. rev. Thisbe Hübner [1819] 
 
ucubis Hewitson 1870 comb. rev. 
Thisbe Hübner [1819] 
 
lycorias (Hewitson [1853]) comb. nov. 
Thisbe Hübner [1819] 
Juditha Hemming, 1964   
 gela (Hewitson, [1853]) comb. nov. Synargis Hübner, [1819] 
Thisbe Hübner [1819]   
Lemonias Hübner [1807]   
Ariconias  Hall & Harvey, 2002   
Aricoris Westwood, 1851   
   
Riodininae: Calydnini n. tribe   
Echenais Hübner, [1819]   
Imelda Hewitson, 1870   
Echydna Hall, 2002   
Calydna Doubleday, 1847   
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Riodininae: Symmachiini 3   
Argyrogrammana Strand, 1932   
Phaenochitonia Stichel, 1910   
Panaropsis Hall, 2002   
Pirascca Hall & Willmott, 1996   
2 Mesene Doubleday, 1847   
Stichelia Zikán, 1949   
Mesenospsis Godman & Salvin, 1886   
2 Symmachia Hübner, [1819]   
Comphotis Stichel, 1910   
Esthemopsis C. Felder & R. Felder, 1865 
Chimastrum Godman & Salvin, 1886   
   
Riodininae: Helicopini   
Anteros Hübner, [1819]   
Helicopsis Fabricius, 1807   
Sarota Westwood, 1851   
   
Riodninae: Emesini n. tribe   
Emesis Fabricius, 1807   
Apodemia C. Felder & R. Felder 1865 
   
Riodininae: unnamed n.tribe   
Emesis guttata  Needs new genus description (Kaminski et 
al in prep) 
Emesis Fabricius, 1807 
   
Riodininae: Dianesini n. tribe   
Dianesia Harvey & Clenth, 1980   
   
Riodininae: Riodinini   
Astraeodes Staudinger, [1887]   
Caria Hübner, 1823   
Barbicornis Godart, [1824]   
Chamaelimnas C. Felder & R. Felder, 1865 
Metacharis Butler, 1867   
Baeotis Hübner,  [1819]   
Dachetola Hall, 2001   
Cartea W. F. Kirby, 1871   
Parcella Stichel, 1910   
Syrmatia Hübner,  [1819]   
Pheles Herrich-Schäffer, [1853]   
Lasaia H.W. Bates, 1868   
2 Charis Hübner, [1819]   
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2 Detritivora Hall & Harvey, 2002   
2 Calephelis Grote & Robinson, 1869   
2 Crocozona C. Felder & R. Felder, 1865   
Chalodeta Stichel, 1910   
Notheme Westwood, 1851   
Riodina Westwood, 1851   
Ithomeis H. W. Bates, 1862   
Amarynthis Hübner,  [1819]   
Lyropterix Westwood, 1851   
Ancyluris Hübner, [1819]   
Rhetus Swainson, [1829]   
Chorinea Gray, 1832   
Panara Doubleday, 1847   
Isapsis Doubleday, 1847   
Melanis Hübner,  [1819]   
Siseme Westwood, 1851   
Monethe Westwood, 1851   
Themone Westwood, 1851   
Exoplisia Goldman & Salvin, 1886   
Brachyglenis C. Felder & R. Felder, 1862 
Necyria Westwood, 1851   
* Type species in former genus  
= (Preceding genus name) new synonym 
1 Nemeobiini classification follows classification proposed by Espeland et al 2015  
2 Non-monophyletic genera in need of revision  
3 Tribe in need of revision 
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Table 3. Genera not sampled in this study and some suggestions for their classification. 
Genera not sampled and their previous classification Suggested placement 
Riodininae: Mesosemiini: Mesosemiina 
Teratophthalma Stichel, 1909 Eurybiini: Mesosemiina  
 
Riodininae: Nymphidiini  
Periplacis Geyer, 1837 Nymphidiini: insertae sedis 
Dysmathia H. W. Bates, 1868 Nymphidiini: insertae sedis 
Joiceya Talbot, 1928 Nymphidiini: insertae sedis 
Hypophyla Boisdubal, 1836 Nymphidiini: insertae sedis 
Calociasma Stichel, 1910 Nymphidiini: insertae sedis 
Minotaurus Hall, 2007 Nymphidiini: insertae sedis 
Archaeonympha Hall, 1998 Nymphidiini: insertae sedis 
Calicosama Hall & Harvey, 2001 Nymphidiini: insertae sedis 
Behemotia Hall, 2000 Nymphidiini: insertae sedis 
 
Riodininae: Symmachiini 
Lucillella Strand, 1932  
Xenandra, C. Felder & R. Felder, 1865  
Xynias Hewitson, 1874  
Pterographium Stichel, 1910  
 
Riodininae: Helicopini 
Ourocnemis Baker, 1887  
 
Riodininae: Riodinini 
Cyrenia, Westwood, 1851 
Nahida, W. F. Kirby, 1871 
Parathtonia Stichel, 1910 
Colaciticus Stichel, 1910 
Cariomothis Stichel, 1910 
Seco Hall & Harvey, 2002 
Amphiselenis Staudinger, 1888 
 
Riodininae: insertae sedis  
Lamphiotes Callaghan, 1982 Nymphidiini: Pachythonina1 
Callistium Stichel, 1911 
Petrocerus Callaghan, 1979 
Machaya Hall & Willmott, 1995 Nymphidiini: Pachythonina1 
Minstrellus Hall, 2007 Nymphidiini: Pachythonina1 
Comphotis Stichel, 1910  
1 Placement suggested by Espeland et al 2005 
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Figure 1. Phylogenetic hypothesis obtained through Maximum Likelihood analysis, using 
RaxML software, showing the revised higher taxonomy of Riodinidae butterflies and one 
representative of each group. Values above branches are bootstrap support. a) First page, 
showing Nemeobiinae and Riodininae with  four forewing radial veined taxa collapsed b) 
Second page showing the Nymphidiini, Nemeobiinae and the other Riodininae tribes are 
collapsed c) Third page showing tribes Calydnini, Emesini, Helicopini, Symmachiini and 
Riodinini; with Nemeobiinae, Eurybini and Nymphidini collapsed. 
Figure 2. Phylogenetic hypothesis obtained through Maximum Likelihood analysis, using 
RaxML software and the Expanded Dataset, showing the revised higher taxonomy of 
Riodinidae butterflies. Values above branches represent bootstrap support. Species names 
followed by an asterisk represent type species for each genera. 
Figure 3. Timed-tree obtained through Bayesian analysis in BEAST software, showing the 
revised higher taxonomy of Riodinidae butterflies. Bars on nodes represent confidence 
interval for node age. Values above branches represent posterior probabilities. Stars 
above nodes represent placement of fossil calibrations.  
 
0.05
NS0313 Hyphilaria thasus
NS0058 Leucochimona icare
NS0090 Eurybia rubeolata
NS0234 Euselasia eusepus
NS0344 Hyphilaria parthenis
NS0251 Alesa amesis
JM4-12 Zemeros flegyas
NS0363 Eurybia pergaea
NS0087 Mesosemia acuta
NS0016 Mesosemia nr bella
NS0047 Ionotus alector
NS0243 Eurybia albiseriata
NS0079 Hyphilaria thasus
NS0086 Mesosemia nr mayi
NS0238 Euselasia gordios
PM03-14 Curetis barsine
NS0256 Mesosemia thera
NN77 Styx infernalis
NS0119 Alesa amesis
NS0332 Eunogyra curupira
NS0257 Eurybia molochina
NS0182 Mesosemia melpia melpia
NS0435 Napaea heteroea
NW84-13 Hamearis lucina
NS0263 Euselasia opalescens
NS0250 Euselasia uria
NS0345 Hyphilaria nicia
NS0505 Mesosemia acuta
NS0156 Euselasia mys
NS0445 Euselasia hygenius
NS0153 Euselasia eugeon
NS0448 Euselasia eucerus
NS0053 Mesosemia rhodia
NS0280 Mesosemia amaranthus
NS0225 Semomesia croesus
NS0202 Euselasia erilis
NS0375 Voltinia cebrenia
NS0179 Mesosemia inconspicua
NS0378 Ithomiola nepos
06-srnp-33176 Euselasia chrysippe
05-srnp-48598 Mesosemia lamachus
NS0228 Euselasia eustola
NS0142 Semomesia marisa
NS0155 Euselasia sp.
NS0227 Euselasia euromus
NS0366 Mesosemia meivania
NW148-12 Takashia nana
NS0261 Eurybia patrona
EW28-1 Celastrina neglecta
JL10-14 Lycaena alciphron
NS0508 Voltinia phryxe
NS0150 Eurybia halimede
NS0191 Mesophthalma idotea
NS0274 Mesosemia nyctea
MM04799 Favonius quercus
NS0348 Perophthalma tullius
NS0102 Euselasia mys
FM-50 Abisara rutherfordi
NS0159 Alesa amesis
NS0070 Euselasia thucydides
PM03-10 Miletus boisduvali
NS0162 Mesosemia sirenia
NS0242 Eurybia nicaeus
NS0377 Voltinia agroeca
NS0203 Euselasia attrita
NS0272 Mesosemia sifia
NS0480 Leucochimona lagora
NS0351 Alesa amesis
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Nemeobiini
Nemeobiinae
Euselasiini
Eurybiini
Riodininae
Eurybiina
Mesosemiini
Four forwing radial-veined
0.05
NS0014 Calospila emylius
NS0456 Pseudotinea hemis
NS0493 Synargis orestessa
PDV-94-T013 Thisbe hyalina
BLU170 Stalachtis phlegia
NS0124 Aricoris propitia
NS0020 Livendula leucophaea
NS0484 Synargis abaris
NS0510 Calospila parthaon
NS0358 Nymphidium olinda
NS0093 Lemonias stalachtioides
NS0138 Zelotaea phasma
NS0281 Juditha molpe
NS0210 Nymphidium leucosia
NS0103 Menander menander
NS0040 Synargis axenus
NS0388 Adelotypa bolena
NS0271 Adelotypa asemna
NS0300 Theope nycteis
NS0081 Thisbe silvestre
NS0394 Theope decorata
NS0098 Juditha molpe
NS0091 Livendula huebneri
NS0359 Nymphidium acherois
NS0383 Synargis regulus
NS0017 Nymphidium baeotia
NS0208 Nymphidium ascolia
NS0218 Nymphidium manthus
PM03-14 Curetis barsine
NS0276 Juditha pulcherrima
NS0396 Theope thestias
NS0115 Harveyope tinea
NS0039 Theope terambus
BLU166 Stalachtis euterpe
NS0127 Livendula epixante
NS0100 Theope leucanthe
NS0041 Aricoris caracensis
NS0462 Pandemos pasiphae
NS0431 Nymphidium chione
NS0362 Roeberella lencates
NS0026 Nymphidium sp
NS0209 Nymphidium ascolia
NS0144 Nymphidium azanoides
NS0050 Synargis ethelinda
NS0030 Nymphidium baeotia
NS0232 Calospila emylius
NS0107 Halonympha paucipuncta
NS0083 Theope sp
NS0473 Synargis paulistina
NS0282 Nymphidium fulminans
NS0283 Nymphidium caricae
NS0497 Protonymphidia senta
NS0457 Pseudotinea hemis
NS0372 Zabuella tenellus
NS0176 Synargis calyce
NS0075 Aricoris aurinia
NS0106 Apodemia castanea
NS0096 Aricoris spn
NS0397 Theope sp
NS0296 Nymphidium lisimon
NS0004 Theope sp
NS0424 Adelotypa penthea
BLU164 Stalachtis calliope
NS0146 Synargis galena
NS0043 Aricoris spn
NS0380 Mycastor leucarpis
NS0027 Nymphidium caricae
NS0205 Nymphidium ascolia
NS0379 Mycastor leucarpis
NS0092 Calospila lucianus
NS0485 Rodinia calphucnia
NS0181 Setabis sp
NS0231 Synargis dirca
NS0116 Ariconias glaphyra
NS0320 Aricoris signata
NS0488 Setabis epitus
NS0044 Aricoris spn
NS0420 Stalachtis calliope
NS0082 Theope sp
NS0429 Livendula aristus
NS0137 Calospila rhesa
NS0318 Juditha molpe
NS0052 Catocyclotes aemulius
NS0033 Lemonias zygia
NS0219 Nymphidium baeotia
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Small tribes + Riodinini
Eurybiini
Nemeobiinae
Zabuellina
Pachytoniina
Stalachitiina
Theopeina
Nymphidiina
Pandemiina
Lemoniadiina
Nymphidiini
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NS0364 Metacharis ptolomaeus
NS0291 Chamaelimnas briola doryphora
NS0038 Baeotis johannae
NS0117 Baeotis hisbon
NS0370 Barbicornis basilis
NS0104 Emesis guttata
NS0463 Syrmatia nyx
NS0012 Emesis nr lucinda
NS0072 Baeotis melanis
NS0453 Emesis lucinda
NS0120 Panara phereclus
NS0247 Cartea ucayala
NS0239 Echydna punctata
NS0245 Emesis cerea
NS0259 Emesis spreta
NS0509 Argyrogrammana caesarion
NS0371 Chorinea licursis
NS0440 Riodina lysippus
NS0495 Phaenochitonia cingulus
NS0326 Caria plutargus
NS0213 Sarota myrtea
NS0432 Isapsis argyrtus
NS0046 Argyrogrammana caesarion
NS0013 Metacharis lucius
NS0286 Chalodeta theodora
NS0347 Helicopis cupido
NS0401 Symmachia praxila
NS0140 Themone pais
PM03-14 Curetis barsine
NS0290 Echenais thelephus
NS0361 Calydna cea
NS0185 Calydna catana
NS0101 Melanis smithiae
FS-ae-13 Apodemia mormo
NS0492 Caria trochilus
NS0417 Dachetola azora
NS0110 Riodina lysisca
NS0337 Sarota acanthoides
NS0360 Sarota acanthoides
NS0513 Charis cadytis
NS0018 Detritivora tefe
NS0327 Caria marsyas
NS0288 Rhetus periander periander
NS0111 Calephelis aymaran
NS0076 Rhetus belphegor
NS0258 Calydna thersander
NS0506 Rhetus periander eleusinus
NS0504 Symmachia sp
NS0008 Pheles atricolor
NS0483 Metacharis nigrella
NS0415 Detritivora ma
NS0108 Melanis aegates
NS0279 Themone pais
NS0248 Ithomeis aurantiaca
NS0214 Charis anius
NS0316 Chorinea amazon
NS0141 Sarota completa
NS0511 Symmachia sp
NS0195 Crocozona coecias
NS0074 Parcella amarynthina
NW85-9 Amarynthis meneria
NS0381 Chalodeta chelonis
NS0356 Calydna morio
NS0303 Notheme erota
NS0308 Mesene croceella
NS0278 Mesene leucophrys
NS0336 Themone pais
PDV-94-T022 Emesis nr mandana
NS0160 Melanis electron
NS0467 Ancyluris tedea
NS0398 Pheles heliconides
NS0346 Helicopis gnidus
NS0321 Emesis cerea
NS0340 Cartea vitula
NS0253 Panara phereclus
NS0477 Siseme aristoteles
NS0105 Stichelia bocchoris
NS0298 Phaenochitonia fuliginea
NS0233 Metacharis lucius
NS0061 Pirascca sagaris
NS0460 Riodina lysippoides
NS0035 Anteros lectabilis
NS0015 Lasaia agesilas
NS0334 Ancyluris aulestes
NS0324 Emesis diogenia
NS0365 Panara soana
NS0501 Panaropsis spn
NS0235 Amarynthis meneria
NS0237 Detritivora argyrea
NS0331 Emesis neemias
NS0229 Chamaelimnas briola urbana
NS0512 Charis cadytis
NW85-10 Crocozona coecias
NS0254 Metacharis regalis
NS0409 Lyropteryx therpsichore
NS0325 Emesis ocypore
NS0503 Symmachia accusatrix
NS0192 Echydna chaseba
NS0386 Anteros formosus
NS0507 Monethe alphonsus
NS0481 Mesenopsis jordana
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Calydnini
Helicopini
Emesiini
Symmachiini
New tribe
Riodinini
Nymphidiini
Eurybiini
Nemeobiinae
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NS0327 Caria marsyas
NS0231 Synargis dirca
NS0360 Sarota acanthoides
NS0383 Synargis regulus
NS0358 Nymphidium olinda
NS0160 Melanis electron
NS0321 Emesis cerea*
NS0283 Nymphidium caricae*
NS0290 Echenais thelephus*
NS0008 Pheles atricolor
NS0250 Euselasia uria
NS0090 Eurybia rubeolata
NS0258 Calydna thersander*
NS0276 Juditha pulcherrima
NS0208 Nymphidium ascolia
NS0318 Juditha nr. molpe
NS0142 Semomesia marisa
NS0344 Hyphilaria parthenis
NS0300 Theope nycteis
NS0237 Detritivora argyrea
NS0229 Chamaelimnas urbana
NS0140 Themone pais
NS0291 Chamaelimnas doryphora
MFB00T847 Calephelis iris
NN77 Styx infernalis*
NS0182 Mesosemia melpia
NS0492 Caria trochilus
JH03R031 Livendula balista
06-srnp-33176 Euselasia chrysippe
NS0256 Mesosemia nr. thera
NS0481 Mesenopsis jordana
NS0253 Panara phereclus
NS0181 Setabis sp
L8633 Detritivora gallardi
NS0107 Halonympha paucipuncta*
NS0477 Siseme aristoteles
PDV94T010 Leucochimona philemon
L8646 Nymphidium menalcus
NS0286 Chalodeta theodora*
PDV94A031 Napaea actoris
L8629 Semomesia nesti
NS0030 Nymphidium baeotia
NS0401 Symmachia praxila
NS0462 Pandemos pasiphae*
NS0424 Adelotypa penthea
NS0248 Ithomeis aurantiaca
NS0362 Roeberella lencates
NS0440 Riodina lysippus*
NS0271 Adelotypa asemna
JH03R037 Comphotis sophistes
NS0493 Synargis orestessa
NS0075 Aricoris middletoni
NS0242 Eurybia nicaeus
L8429 Saribia ochracea
NS0162 Mesosemia sirenia
NS0072 Baeotis melanis
FM-50 Abisara rutherfordi
NS0083 Theope sp
NS0251 Alesa nr. amesis
NS0061 Pirascca sagaris*
NS0144 Nymphidium azanoides
JH03R029 Adelotypa borsippa
NS0280 Mesosemia amaranthus
NS0512 Charis cadytis
06SRNP12090 Voltinia umbra
NS0513 Charis cadytis
NS0238 Euselasia gordios
NS0282 Nymphidium fulminans
NS0359 Nymphidium acherois
NS0415 Detritivora ma
NS0351 Alesa amesis
PDV-94-T013 Uraneis hyalina* (Thisbe)
NS0495_Phaenochitonia cingulus*
MWT93B071 Stiboges nymphidia
MAT98V741 Perophthalma lasus
NS0501 Panaropsis spn
JH03R001 Adelotypa curulis
NS0234 Euselasia eusepus
NS0127 Livendula epixante
NS0105 Stichelia bocchoris
NS0213 Sarota myrtea
NS0259 Emesis lucinda
NS0467 Ancyluris tedea
NS0420 Stalachtis calliope
NS0026 Nymphidium sp
NS0429 Livendula aristus
NS0507 Monethe alphonsus
NS0375 Voltinia cebrenia
NS0101 Melanis smithiae
NS0409 Lyropteryx therpsichore
NS0453 Emesis lucinda
JH03R039 Pseudotinea volcanicus*
JH03R008 Pseudonymphidia agave
NS0239 Echydna punctata
PDV94T014 Exoplisia nr. cadmeis
NS0463 Syrmatia nyx
NS0508 Voltinia phryxe
NS0191 Mesophthalma idotea*
NS0281 Juditha nr. molpe
NS0278 Mesene leucophrys
JH03R023 Ithomiola callixena
NS0274 Mesosemia nyctea
NS0356 Calydna morio
NS0227 Euselasia euromus
NS0044_Aricoris spn3
NS0100 Theope leucanthe
NS0448 Euselasia eucerus
NS0018 Detritivora tefe
JH03R002 Symmachia fassli
L8603 Methone cecilia*
L8641 Nymphidium cachrus
NS0035 Anteros lectabilis
NS0137 Calospila rhesa
NS0093 Lemonias stalachtioides
NS0257 Eurybia molochina
NS0098 Juditha nr. molpe
NS0243 Eurybia albiseriata
MFB00T821 Hermathena oweni
NS0225 Semomesia croesus*
NS0138 Zelotaea phasma*
NS0087 Mesosemia acuta
NS0337 Sarota acanthoides
NS0372 Zabuella tenellus*
NS0510 Calospila parthaon*
05-srnp-48598 Mesosemia lamachus
NS0388 Adelotypa bolena*
NS0233 Metacharis lucius
NW84-13 Hamearis lucina*
NS0120 Panara phereclus
NS0103 Menander menander*
NS0195 Crocozona coecias
NS0076 Rhetus belphegor
NS0016 Mesosemia nr. bella
NS0081 Thisbe silvestris
NS0503 Symmachia accusatrix
NS0497 Protonymphidia senta*
NS0092 Calospila lucianus
NS0043 Aricoris spn1
NS0052 Catocyclotes aemulius*
NW85-9 Amarynthis meneria*
NW148-12 Takashia nana*
NS0346 Helicopis gnidus
NS0370 Barbicornis basilis*
RE01H193 Brachyglenis dinora
NS0108 Melanis aegates
NS0058 Leucochimona icare
NS0074 Parcella amarynthina
JM4-12 Zemeros flegyas*
NS0040 Synargis axenus
NS0345 Hyphilaria nicia*
NS0214 Charis anius*
NS0381 Chalodeta chelonis
RE06E140 Dodona elvira
NS0261 Eurybia patrona
NS0348 Perophthalma tullius*
JH03R024 Necyria bellona
NS0397 Theope sp
JH03R043 Astraeodes areuta
NS0013 Metacharis lucius
NS0488 Setabis epitus
L8645 Semomesia capanea
NS0379 Mycastor leucarpis*
NS0366 Mesosemia meivania
NS0219 Nymphidium baeotia
NS0218 Nymphidium mantus
NS0324 Emesis diogenia
NS0288 Rhetus periander periander
NS0308_Mesene croceella
NS0326 Caria plutargus*
PDV05X001 Corrachia leucoplaga*
NS0111 Calephelis aymaran
MFB00T836 Ithomiola theages
NS0313 Hyphilaria thasus
NW85-10 Crocozona coecias
NS0027 Nymphidium caricae*
MC04K393 Dianesia carteri*
NS0192 Echydna chaseba*
NS0012 Emesis lucinda
NS0263 Euselasia opalescens
NS0203 Euselasia attrita
NS0033 Lemonias zygia*
NS0146 Synargis galena
MWT93A074 Paralaxita damajanti
NS0320 Aricoris signata
NS0386 Anteros formosus*
PDV94D009 Thisbe irenea*
NS0484 Synargis abaris
NS0332 Eunogyra curupira
NS0232 Calospila emylius
NS0039 Theope terambus
JH03R025 Imelda mycea*
NS0303 Notheme erota
BLU164 Stalachtis calliope
NS0378 Ithomiola nepos
NS0050 Synargis ethelinda
NS0209 Nymphidium ascolia
NS0394 Theope decorata
NS0046 Argyrogrammana caesarion
NS0456 Pseudotinea hemis
RE01H229 Hades noctula*
NS0365 Panara soana
NS0505 Mesosemia acuta
NS0141 Sarota completa
NS0102 Euselasia mys cytis (MG-Brazil)
L8636 Synargis phliasus
NS0432 Isapsis argyrtus*
NS0082 Theope sp
NS0316 Chorinea amazon
JH03R004 Napaea nr. mellosa
YB_BCI46109 Pachythone gigas
NS0091 Livendula huebneri*
NS0156 Euselasia nr. mys (PA-Brazil)
NS0235 Amarynthis meneria*
NS0110 Riodina lysisca
NS0070 Euselasia thucydides
NS0004 Theope sp
NS0364 Metacharis ptolomaeus*
NS0504 Symmachia sp
L8640 Synargis gela
NS0155 Euselasia sp
NS0202 Euselasia erilis
NS0272 Mesosemia sifia
NS0473 Synargis paulistina
NS0340 Cartea vitula
PDV-94-T022 Emesis nr. mandana
PDV94A003 Juditha molpe
PDV94D002 Esthemopsis jesse
NS0179 Mesosemia inconspicua
NS0511 Symmachia sp
PM03-14 Curetis barsine
NS0116 Ariconias glaphyra*
NS0457 Pseudotinea hemis
NS0279 Themone pais
NS0485 Rodinia calphucnia*
NS0506 Rhetus periander eleusinus
NS0325 Emesis ocypore
JH03R040 Argyrogrammana sublimis
NS0247 Cartea ucayala
NS0331 Emesis neemias
NS0228 Euselasia eustola
NS0086 Mesosemia nr. mayi
PDV94A023 Crocozona nr. coecias
NS0460 Riodina lysippoides
JH03R011 Mycastor nealces
NS0245 Emesis cerea*
NS0334 Ancyluris aulestes
NS0347 Helicopis cupido*
PDV94A005 Detritivora gynaea
NS0150 Eurybia halimede*
NS0096 Aricoris spn2
NS0185 Calydna catana
JH03R022 Setabis buckleyi
JH03R013 Chimastrum nr. argentea
NS0298 Phaenochitonia fuliginea
NS0115 Harveyope tinea
NS0371 Chorinea licursis*
NS0053 Mesosemia rhodia
NS0396 Theope thestias
JH03R014 Setabis alcmaeon
BLU170 Stalachtis phlegia
L8628 Detritivora cleonus
NS0047 Ionotus alector*
NS0361 Calydna cea
MWT93C001 Taxila haquinus
JH03R005 Pixus corculum
NS0014 Calospila emylius
NS0124 Aricoris propitia
NS0153 Euselasia eugeon
NS0159 Alesa nr. amesis
NS0377 Voltinia agroeca
NS0431 Nymphidium chione
NS0336 Themone pais
NS0483 Metacharis nigrella
PDV94B006 Eunogyra satyrus
NS0015 Lasaia agesilas
NS0106 Apodemia castanea
BLU166 Stalachtis euterpe
NS0020 Livendula leucophaea
NS0104 Sertania guttata*
NS0210 Nymphidium leucosia
NS0117 Baeotis hisbon
FS-ae-13 Apodemia mormo*
NS0038 Baeotis johannae
NS0445 Euselasia hygenius
NS0296 Nymphidium lisimon
NS0380 Mycastor leucarpis*
NS0435 Napaea heteroea
NS0254 Metacharis regalis
JH03R027 Ithomiola tanos
NS0205 Nymphidium ascolia
NS0398 Pheles heliconides
NS0017 Nymphidium baeotia
NS0417 Dachetola azora
NS0079 Hyphilaria thasus
NS0176 Synargis calyce
NS0480 Leucochimona lagora
NS0119 Alesa amesis
NS0509 Argyrogrammana caesarion
NS0363 Eurybia pergaea
NS0041 Aricoris caracensis
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0102030405060
NS0415 Detritivora ma
NS0276 Juditha pulcherrima
NS0179 Mesosemia inconspicua
PDV-94 T022 Emesis nr. mandana
NS0202 Euselasia erilis
NS0250 Euselasia uria
NS0463 Syrmatia nyx*
NS0356 Calydna morio
NS0052 Catocyclotes aemulius*
NS0261 Eurybia patrona
NS0044 Aricoris spn3
05-srnp-48598 Mesosemia lamachus
NS0103 Menander menander*
NS0467 Ancyluris tedea
NS0053 Mesosemia rhodia
NS0296 Nymphidium lisimon
NS0153 Euselasia eugeon
NS0506 Rhetus periander eleusinus
NS0318 Juditha nr. molpe (PR-Brazil)
NS0281 Juditha nr. molpe (AC-Brazil)
NS0280 Mesosemia amaranthus
NS0431 Nymphidium chione
NS0144 Nymphidium azanoides
NS0257 Eurybia molochina
NS0473 Synargis paulistina
NS0146 Synargis galena
NS0361 Calydna cea
NS0012 Emesis lucinda (MT-Brazil)
NS0420 Stalachtis calliope
NS0035 Anteros lectabilis
NS0377 Voltinia agroeca
NS0253 Panara phereclus
NS0047 Ionotus alector*
NS0346 Helicopis gnidus
NS0111 Calephelis aymaran
NS0358 Nymphidium olinda
NS0371 Chorinea licursis*
NS0050 Synargis ethelinda
NS0058 Leucochimona icare*
NS0282 Nymphidium fulminans
NS0508 Voltinia phryxe
NS0397 Theope sp
NS0440 Riodina lysippus*
NS0485 Rodinia calphucnia*
NS0209 Nymphidium ascolia (AC-Brazil)
NS0214 Charis anius*
NS0316 Chorinea amazon
NS0480 Leucochimona lagora
NS0091 Livendula huebneri*
NS0286 Chalodeta theodora*
NS0081 Thisbe silvestre
NS0176 Synargis calyce
NS0448 Euselasia eucerus
NS0511 Symmachia 
NS0457 Pseudotinea hemis
NS0324 Emesis diogenia
NS0308 Mesene croceella
PDV-94-T013 Thisbe hyalina (Uraneis*)
NS0092 Calospila lucianus
NS0303 Notheme erota*
NS0101 Melanis smithiae
NS0477 Siseme aristoteles
NS0271 Adelotypa asemna
NS0219 Nymphidium baeotia (AC-Brazil)
NS0033 Lemonias zygia*
NN77 Styx infernalis*
NS0014 Calospila emylius (MT-Brazil)
NS0503 Symmachia accusatrix
NS0332 Eunogyra curupira
NS0313 Hyphilaria thasus
NS0231 Synargis dirca
NS0325 Emesis ocypore
NS0102 Euselasia mys cytis (MG-Brazil)
NS0283 Nymphidium caricae* (AC-Brazil)
NS0015 Lasaia agesilas
NS0326 Caria plutargus*
NS0090 Eurybia rubeolata
NS0380 Mycastor leucarpis*
NS0513 Charis cadytis
JM4-12 Zemeros flegyas*
NS0061 Pirascca sagaris*
NS0086 Mesosemia nr. mayi
NS0027 Nymphidium caricae* (TO-Brazil)
NS0388 Adelotypa bolena*
NS0115 Harveyope tinea
NS0093 Lemonias stalachtioides
NS0432 Isapsis argyrtus*
NS0336 Themone pais
NW148-12 Takashia nana*
NS0272 Mesosemia sifia
NS0026 Nymphidium sp
NS0192 Echydna chaseba*
NS0481 Mesenopsis jordana
NS0424 Adelotypa penthea
NS0429 Livendula aristus
NS0124 Aricoris propitia
NS0105 Stichelia bocchoris
NS0225 Semomesia croesus*
NS0363 Eurybia pergaea
NS0372 Zabuella tenellus*
NS0362 Roeberella lencates
NS0098 Juditha nr. molpe (MG-Brazil)
NS0016 Mesosemia nr. bella
NS0331 Emesis neemias
NS0456 Pseudotinea hemis
NS0108 Melanis aegates
NS0396 Theope thestias
NS0340 Cartea vitula*
NW85-9 Amarynthis meneria*
NS0185 Calydna catana
NS0254 Metacharis regalis
BLU170 Stalachtis phlegia
NS0445 Euselasia hygenius
NS0347 Helicopis cupido*
NS0278 Mesene leucophrys
NS0228 Euselasia eustola
NS0345 Hyphilaria nicia*
NS0359 Nymphidium acherois
NS0488 Setabis epitus
NS0205 Nymphidium ascolia (AC-Brazil)
NW84-13 Hamearis lucina*
NS0233 Metacharis lucius
NS0043 Aricoris spn1
NS0483 Metacharis nigrella
NS0013 Metacharis lucius
NS0348 Perophthalma tullius*
NS0218 Nymphidium mantus
NS0251 Alesa nr. amesis
NS0234 Euselasia eusepus
NS0504 Symmachia
NS0243 Eurybia albiseriata
NS0364 Metacharis ptolomaeus*
NS0117 Baeotis hisbon*
NS0195 Crocozona coecias
NS0138 Zelotaea phasma*
NS0501 Panaropsis spn
NS0041 Aricoris caracensis
NS0213 Sarota myrtea
NS0072 Baeotis melanis
NS0238 Euselasia gordios
NS0038 Baeotis johannae
NS0074 Parcella amarynthina*
NS0435 Napaea heteroea
NS0379 Mycastor leucarpis*
NS0248 Ithomeis aurantiaca
NS0327 Caria marsyas
NS0381 Chalodeta chelonis
NS0383 Synargis regulus
NS0320 Aricoris signata
NS0462 Pandemos pasiphae*
NS0497 Protonymphidia senta*
NS0242 Eurybia nicaeus
NS0321 Emesis cerea*
NS0203 Euselasia attrita
NS0337 Sarota acanthoides
NS0401 Symmachia praxila
NS0247 Cartea ucayala
NS0484 Synargis abaris
NS0351 Alesa amesia
NS0075 Aricoris middletoni
NS0082 Theope sp
NS0181 Setabis sp
NS0096 Aricoris spn2
NS0291 Chamaelimnas doryphora
NS0160 Melanis electron
NS0079 Hyphilaria thasus
NS0156 Euselasia nr. mys (PA-Brazil)
NS0394 Theope decorata
BLU164 Stalachtis calliope
NS0493 Synargis orestessa
NS0159 Alesa nr. amesis
NS0120 Panara phereclus
NS0070 Euselasia thucydides
NS0083 Theope sp
NS0018 Detritivora tefe
NS0505 Mesosemia acuta
NS0040 Synargis axenus
NS0360 Sarota acanthoides
NS0274 Mesosemia nyctea
NS0087 Mesosemia acuta
NS0235 Amarynthis meneria*
NS0366 Mesosemia meivania
NS0030 Nymphidium baeotia (TO-Brazil)
NS0127 Livendula epixante
NS0512 Charis cadytis
NS0191 Mesophthalma idotea*
NS0398 Pheles heliconides*
NS0076 Rhetus belphegor
NS0210 Nymphidium leucosia
FS-ae-13 Apodemia mormo*
NS0116 Ariconias glaphyra
NS0008 Pheles atricolor
NS0208 Nymphidium ascolia (AC-Brazil)
NS0020 Livendula leucophaea
NS0119 Alesa amesis
NS0370 Barbicornis basilis*
NS0378 Ithomiola nepos
NW85-10 Crocozona coecias
NS0288 Rhetus periander periander
NS0232 Calospila emylius (AC-Brazil)
NS0290 Echenais thelephus*
NS0259 Emesis lucinda (AC-Brazil)
NS0492 Caria trochilus
NS0141 Sarota completa
NS0453 Emesis lucinda (AL-Brazil)
NS0258 Calydna thersander*
NS0365 Panara soana
NS0229 Chamaelimnas urbana
NS0142 Semomesia marisa
NS0104 Sertania guttata (Emesis)
NS0004 Theope sp
NS0046 Argyrogrammana caesarion
NS0140 Themone pais
NS0417 Dachetola azora
NS0110 Riodina lysisca
NS0300 Theope nycteis
NS0150 Eurybia halimede*
NS0107 Halonympha paucipuncta*
NS0256 Mesosemia nr thera
NS0106 Apodemia castanea
NS0334 Ancyluris aulestes
NS0162 Mesosemia sirenia
NS0039 Theope terambus*
NS0495 Phaenochitonia cingulus*
FM-50 Abisara rutherfordi
NS0237 Detritivora argyrea
NS0279 Themone pais
NS0298 Phaenochitonia fuliginea
06-srnp-33176 Euselasia chrysippe
NS0375 Voltinia cebrenia
NS0239 Echydna punctata
NS0507 Monethe alphonsus*
NS0155 Euselasia sp
NS0017 Nymphidium baeotia (AC-Brazil)
NS0386 Anteros formosus*
NS0263 Euselasia opalescens
BLU166 Stalachtis euterpe
NS0227 Euselasia euromus
NS0509 Argyrogrammana caesarion
NS0245 Emesis cerea*
NS0182 Mesosemia melpia
NS0100 Theope leucanthe
NS0137 Calospila rhesa
NS0460 Riodina lysippoides
NS0344 Hyphilaria parthenis
NS0510 Calospila parthaon*
NS0409 Lyropteryx therpsichore
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CAPÍTULO DOIS 
 
“Evolução do comportamento de mirmecofilia e dos órgãos mirmecófilos em borboletas da 
família Riodinindae” 
 
Este capítulo é composto pelo artigo:  “The evolution of myrmecophily and larval ant-
organs in metalmark butterflies (Lepidoptera: Riodinidae)”. Este artigo trata da evolução 
das interações entre larvas de riodinídeos e formigas,  bem como da evolução dos órgãos 
específicos envolvidos nessa interação. 
 
Resumo: 
Este capítulo é composto por um único artigo que versa sobre a evolução dos órgãos 
mirmecófilos, das interações entre larvas e formigas e da carnivoria em larvas de riodinideos. 
O artigo utiliza a filogenia obtida para a família e uma matriz de dados de estágios imaturos 
para estimar caracteres ancestrais para os grupos de Riodinídeos e explorar a evolução da 
mirmecofilia nesta família. 
Os dados sugerem que os órgãos mirmecófilos surgiram em momentos diferentes na 
história do grupo, com os órgãos nectarívoros aparecendo primeiro, no ancestral da subfamília 
Riodininae. Os órgãos sonoros de atração de formiga surgem em seguida nos ancestrais das 
tribos Nymphidiini e da subtribo Eurybiina. Os últimos órgãos a surgir são os órgãos de 
manipulação química, com os ATOs aparecendo em Lemoniadiina após a mudança da 
subfamília ancestral com a qual o grupo interage. 
As interações ecológicas são mais plásticas que os órgãos surgindo múltiplas vezes na 
árvore. A mirmecofilia, entretanto, possivelmente surgiu no ancestral que possuía órgãos 
nectarívoros, mas as taxas de perde e reversão são tão altas que o sinal é perdido e a 
reconstrução não consegue estimar adequadamente a história evolutiva da mirmecofilia.  
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THE EVOLUTION OF MYRMECOPHILY AND LARVAL ANT-ORGANS IN METALMARK 
BUTTERFLIES (LEPIDOPTERA: RIODINIDAE) 
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ABSTRACT 
In butterflies, the two sister families Lycaenidae and Riodinidae are the only to present 
complex symbiotic interactions between larvae and ants (myrmecophily) with the evolution of 
specific ant-organs. There are three main categories of ant-organs: nectary organs that 
produce ant rewards, sound-producing structures to attract ants, and exocrine glands engaged 
in manipulating ant behavior. Here we used a recent well-resolved phylogenetic tree of the 
Riodinidae, novel information on the biology of 24 genera, and all the available information 
on remaining genera to reconstruct the evolution of larval ant-organs and other ecological 
traits related to myrmecophily. Tentacle nectary organs (TNOs) are the oldest ant-organs in 
the family and first appeared in the Riodininae ancestral. Sound-producing organs arose two 
times, first in the ancestor of Eurybiina (cranial striations) and Nymphidiini (vibratory 
papillae), with a secondary loss of vibratory papillae in gregarious aposematic caterpillars of 
Stalachtis Hübner, 1818. Chemical manipulation organs are more recent and evolved under 
selective pressure of different lineages of tending ants. For instance, anterior tentacle organs 
appeared in the ancestral of subtribe Lemoniadiina following a change in ancestral ant 
subfamily used by larvae. The ecological interactions here investigated (myrmecophily and 
carnivory) are more plastic, and have evolved several times on the phylogenetic hypothesis. 
Our results show that different organs can be lost in lineages that no longer maintain strong 
interactions with ants, but reversions are not probable. On the other hand, losses and 
reversions on the interactions with ants are so common in the evolutive scale that the signal 
can be lost along the tree. Myrmecophily could have been important in the early 
diversifications of Riodininae, but extant non-myrmecophilous groups are actually more 
diverse than myrmecophilous ones. 
 
Keywords: Ant organs, character evolution, mutualism, myrmecophily, Riodinidae 
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INTRODUCTION 
 
Myrmecophily in Lepidoptera is a type of interspecific interaction among larvae and ants, 
which includes a wide range of associations where ants are usually not aggressive. In general, 
the myrmecophilous interactions are resource-based mutualisms: larvae provide food 
secretions while ants protect their partners directly or indirectly against natural enemies 
(Pierce et al. 1987; DeVries 1991b,c; Kaminski et al. 2010, 2013). The foraging ecology of 
tending ants is extremely important in the establishment of these interactions and 
myrmecophily can only be established with ants that feed on liquid sources. This guild of ants 
also engages in trophobiotic interaction with plants bearing extrafloral nectaries and/or 
honeydew-producing hemipterans and patrols plants preying on herbivores (Carroll & Janzen 
1973; DeVries 1991b; DeVries 1991c) 
In butterflies, only the sister families Lycaenidae and Riodinidae present widespread 
myrmecophily with the evolution of specialized ant-organs that not only produce nitrogen-
rich rewards for ants but are also responsible for attracting and manipulating ant behavior 
(enticing and biding strategy - DeVries 1988a). Riodinids display a large spectrum of such 
interactions, from simple protection with reward to aphytophagy and ant nest inhabiting 
(Cottrell 1984; Fiedler 1991; DeVries 1991b; Kaminski et al. in prep.). A similar range of 
interactions is observed in the sister family Lycaenidae, although most of the specific ant-
organs that mediate such interactions are not homologous in position or morphology (Fiedler 
1991; DeVries 1991b). 
Both families, Lycaenidae and Riodinidae, share perforated cupola organs (PCOs), with 
similar structure, which are present in most or all species (Malicky 1970; Fiedler 1991). 
However, nectar-producing organs are structurally distinct, with a single dorsal gland opening 
on the seventh segment in Lycaenidae (dorsal nectary organ – DNO) and paired eversive 
glands in the eighth abdominal segment in Riodinidae (tentacle nectary organs - TNOs) 
(Fiedler 1991; DeVries 1991b). Sophisticated call production organs have been described in 
Riodinidae, including the vibratory papillae (VP) and cranial striations (CS) (DeVries 1988a, 
1991a; Travassos et al. 2008). 
There are also specialized exocrine glands responsible for chemical manipulation of ant 
behavior in both families. The main organs in lycaenids are the paired glands on the eight 
abdominal segment named tentacle organs (Fiedler 1991; DeVries 1991b). Riodinids, on the 
other hand, have at least three different organs with the same putative function: i) anterior 
tentacle organs (ATOs) (DeVries 1988a) are paired glands occurring in the mesothoracic 
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segment of larvae of subtribe Lemoniadiina (as redefined by Seraphim et al in prep.); ii) the 
cervical gland – present in other butterflies and moths with defensive function – is known for 
being used to manipulate ant behavior in Hallonympha paucipuncta (DeVries et al. 2004); 
and iii) the anterior glandular openings (AGOs) that together with clusters of PCOs are known 
to have the same effect on ants in Theope Doubleday, 1847 caterpillars (Kaminski et al. 
2013).  
Another putative ant-organ is the balloon setae (BS). The function of BS is still in debate 
in the literature. DeVries (1997) suggests that in myrmecophilous larvae it can, when crushed 
by ant’s mandibles, secrete chemicals that cause alarm behavior in ants. Hall et al. (2004) 
instead suggests that BS serve as a deterrent to vertebrate or invertebrate predation to riodinid 
larvae and pupae, releasing a noxious chemical when manipulated (Hall et al. 2004).   
Aphytophagy is an extreme diet behavior associated with myrmecophily, where larvae no 
longer feed on plant tissue, and prey on ant-tended hemipterans or exploit tending ants, 
stealing trofalaxis (kleptoparasitism) or feeding directly on the ant brood inside the ant nest 
(Cottrell 1984; Fiedler 1998; DeVries & Penz 2000). Cases of aphytophagy are poorly 
documented within riodinids, with published records know only for Alesa Doubleday, 1847 
(DeVries & Penz 2000, 2002) in Eurybiini, Aricoris Westwood, 1851 and Setabis Westwood, 
1851 in Nymphidiini (DeVries 1997).  
Another putative consequence of myrmecophily is broadening host plant use (polyphagy) 
(DeVries et al. 1994; DeVries 1997; Hall & Harvey 2001; Kaminski 2008b), with groups that 
present obligatory myrmecophily using several hostplant families while being tended by only 
one or few closely related ant species (DeVries et al. 1994, Freitas 2011). This could evolve 
as an indirect effect of ant-dependent oviposition, because when females use ants as signals 
for oviposition (DeVries & Penz 2000; Mota & Oliveira 2016) they expose larvae to more 
host plants. This could benefit those larvae that are more tolerant to host plant change and can 
grow on a broader number of plant families, facilitating the evolution of host plant 
generalization in those groups (Kaminski 2008b; Rodrigues et al. 2010). 
The evolution of myrmecophily and of specific ant organs has seen some debate, with 
different authors arguing for the independent evolution of myrmecophily in the two above 
mentioned sister families (Fiedler 1991; DeVries 1991b) or for the evolution of 
myrmecophily in a “lycaenoid” ancestral (Pierce et al. 2002). DeVries (1991b, c) also 
proposes that myrmecophily appeared first as an “appeasement” behavior to protect larvae 
against ant predation and later evolved into more complex “mutualistic” interactions we see 
today. Until recently, the inexistence of a robust well-sampled phylogenetic hypothesis for 
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either the Riodinidae or the Lycaenidae, the confuse higher systematics of both families and 
the lack of biological and natural history knowledge of myrmecophilous butterflies in the 
Neotropics has prevented the use of explicit models to estimate the evolution of ant organs 
and ant-larvae interactions in these butterflies.  
Recently, two independent studies (Espeland et al 2015 and Seraphim et al in prep.) have 
proposed strong and congruent hypothesis for the phylogeny of Riodinidae, and the higher 
systematics of the family has been extensively revised to accommodate this new evidence. 
With the use of new unpublished data on the biology of many Riodinidae genera (Kaminski et 
al in prep.), coupled with extensive review of current literature, we present the first attempt to 
estimate the evolutionary history of ant-larvae interactions in Riodinidae butterflies, as well as 
the evolution of the most common ant-organs using specific character evolution models. 
Furthermore, we analyze the evolution of obligatory myrmecophilous interactions and its 
relation with host-plant generalization and aphytophagy in this family, using a well-resolved 
tree and three different methods of character evolution modeling.  
 
MATERIALS AND METHODS 
 
For our analyses we used a dated tree obtained using BEAST 2.2 software (Bouckaert et 
al. 2014), constructed with a matrix of nine genes with ca. 5900 base pairs, and three 
calibration points based on direct evidence from fossil record (see Chapter1, Seraphim et al in 
prep. for more details). 
We obtained natural history data from the literature (Table1), and as direct evidence from 
fieldwork. We recorded new evidence on photographs or fixed larvae and based species 
identification on reared adults or females ovipositing on the field. We analyzed a few cases 
under high magnification on stereomicroscope to confirm the presence or absence of reduced 
characters (as for larvae of Protonymphidia senta (Hewitson, 1853) and Stalachtis Hübner, 
1818). 
We extrapolated data on one or a few species for the whole genus whenever two 
conditions were met: first, the genus had to be monophyletic in both phylogenies produced to 
date; second, if information was available for more than one species, all species presented the 
same character state. In case generalization for the genus was not possible, we used the 
available data just for the species it was described or observed for. 
We separated characters into presence-absence information for the complex ant-organs 
(TNO, ATO, vibratory papillae VP, and balloon setae BS), carnivory, myrmecophily, and the 
 85 
production of sound through cranial striations. For the morphological structures, we assigned 
presence even when organs are known to be non-functional (TNO in Symmachiini) or 
reduced (e.g. Protonymphidia Hall, 2000). We did not use two putative myrmecophilous 
organs in Riodinidae in this study because they have been described or observed in only one 
genus: the cervical gland of Hallonympha paucipuncta (Spitz, 1930) and the AGOs of 
Theope. The natural history of other genera that belong to the same subtribe of Hallonympha 
Penz & DeVries, 2006 is unknown, and the AGO described in Theope can only be verified in 
preserved and highly magnified larvae and have yet to be investigated in other members of 
Riodinidae. We coded the presence of myrmecophily whenever caterpillars of a species have 
been found interacting positively with ants at least once, and both obligate and facultative 
interactions were coded equally. 
We coded ant association as a multistate character, using the ant subfamily whenever 
larvae are obligate myrmecophilous, “facultative” whenever larvae are facultative 
myrmecophilous, as most facultative species have been recorded with many different ants, or 
“absent” whenever the genera are not myrmecophilous. Although ant species (and sometimes 
genera) change within the same genus of obligate butterfly larvae, ant subfamily is a much 
more conservative category and we obtained a better signal with this character coding. 
Because coding for host plant family directly generated too many character states for 
some methods do handle, we coded host plant use as the number of host plant families a 
genus or species uses as one, two, or more than two host plant families. We therefore restrict 
the discussion of host plant evolution to its relation to myrmecophily. 
We checked and further manipulated the matrix using MESQUITE Maddison 2015). For 
the character evolution analysis, we used three different methods. The oldest and more 
intuitive is the Parsimony method (Swofford & Maddison 1992) that optimizes evolutionary 
history of characters reducing the number of changes that need to occur in the tree. This 
method lacks power as it does not discriminate between rates of acquisition and loss of a 
certain character and does not take into account the information of branch lengths in the tree 
(Cunningham et al. 1998).  The remaining methods view evolution of characters as a 
stochastic process and search for reconstructions optimizing the likelihood of ancestral states 
obtained through a specific model. The Maximum likelihood method (Schluter et al. 1997; 
Pagel 1999) as implemented on MESQUITE searches for each node the state that maximizes the 
probability of terminal states, allowing the states of other nodes to vary. We performed both 
these methods in MESQUITE ( Maddison & Maddison 2015).  
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 The stochastic character method used here was implemented in R version 3.3.1 (R Core 
Team 2014) package Phytools (Revell 2012) following Bollback (2006) with some 
modifications. The stochastic character method (SIMMAP) simulates character histories that 
are consistent with the likelihoods of evolutionary models and ancestral character states. The 
model first calculates the likelihood for each character at each node of the tree, then it 
simulates each character at each node using mcmc and finally it simulates the stochastic 
character history sampling from a posterior conditioned in the previous steps and the observed 
character states of terminals. Revell (2013) has adapted the algorithm to estimate the best 
transition (Q) matrix using likelihood scores instead of mcmc before performing the stochastic 
character mapping to optimize computational time. In its latest release the make.simmap 
function of Phytools can sample the Q matrix from a mcmc and then apply stochastic 
character mapping using a Q matrix obtained from the posterior for each map. For both 
approaches we used all rates different (ARD) model for binary characters, as we assume that 
the rate of loss of a complex character (such an organ or an ecological interaction) is 
inherently different from the rate of acquisition of said character. For multistate characters, as 
ARD model was too complex and analyses were delayed, we assumed a simpler model, the 
symmetrical model (SYM). This model assumes that rates of evolution from one state to the 
other are reciprocally equal, with the rate of change from character A to B equal to the rate of 
change from character B to A. 
Phytools accepts presence or absence matrices without uncertainties or matrices of prior 
probabilities of characters. Because our matrix contained a 23% of uncertainties (genera of 
Riodinidae for which we have no knowledge of larval biology) we used a prior matrix. For 
binary characters the matrix consisted of a list of terminals with probability of either zero or 
one for a state whenever the state was known, or a probability of 0.5 for each state whenever 
the state is unknown. For the ant subfamily analysis, we adjusted the probabilities for genera 
with unknown associations, using a 50% chance of the genus not having ant association (non-
myrmecophilous) and an equal chance of it being associated with each subfamily used by 
Riodinidae or having a facultative association (0.1). For host plant analysis, we coded 
unknown states as 0.33 probability for each possible character state (one, two or more than 
two families). We used 10000 stochastic character maps for the best Q analysis, and 1000 
stochastic character maps for the mcmcQ analysis, with an initial burnin of 1,000,000 and a 
sample frequency of 100. 
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We used all methods (Parsimony, ML, and make.simmap using both the best Q approach 
and the mcmcQ approach) for all characters and presented multiple results only when 
analyses differed considerably. 
 
RESULTS 
Most of our results were congruent among analyzes and a summary of results for binary 
characters can be found in Figure 1. The tentacle nectary organs (TNOs) have the highest 
probabilities of first appearing at the ancestral of the Riodininae subfamily (64%) (Fig 1). The 
substrate-borne sound-producing vibratory papillae (VP) were estimated to have appeared in 
the ancestral of all Nymphidiini (Fig 1); while cranial striations (CS) are either the ancestral 
call production mode of Riodinidae (Appendix 5 – Best Q SCM analysis) or appeared in the 
ancestral of Eurybiina (other analyses) (Appendix 6 – mcmcQ SCM analysis). The chemical 
manipulation anterior tentacle organ (ATOs) first appeared in the ancestral of Lemoniadina 
(Fig 1). The crown of ballon setae on the prothorax were found to have six independent 
origins in each of the internal groups that present this character today (MP, ML and mcmcQ 
SCM analysis - Fig 1) or to have evolved once in the ancestral of Riodininae subfamily minus 
the Eurybiini clade (Appendix 9 – Best Q SCM analysis). 
For the ecological traits, myrmecophily has been recovered in all analysis as appearing 
multiple times, in the ancestral of the tribes Nymphidiini, Eurybiini and the ancestral of the 
Napaea section (Fig 1). Carnivory appeared at least three times (Fig 1), in the ancestors of the 
genera Alesa Doubleday, 1847 and Aricoris Westwood, 1851and in the ancestor of the 
subtribe Pandemiina. 
For the analysis of ant association, the ancestral state of the Riodininae is the absence of 
the association with ants (Fig. 2), with internal nodes showing ant specialization in the generic 
level. Caterpillars of Nymphidium Fabricius, 1807 (and Nymphidiini) butterflies are 
predominantly associated with Myrmicinae ants, whereas Theope butterflies are associated 
with Dolichoderinae ants. Lemoniadina butterflies are associated to Formicinae ants and, in 
fact, most of these are associated exclusively to the genus Camponotus Mayr, 1861. The 
ancestral state for Riodinidae is to restrict larval diet to one plant family (Fig. 3), with 
multiple host-plant families as the ancestral state of Lemoniadiina minus the Menander 
Hemming, 1939; Theopina; and the genera Nymphidium and Emesis Fabricius, 1807. 
The final matrix of coded character states (Appendix 2), and the results of each the 
reconstructions of character states histories (Appendices 3-13) can be found in the Appendix 
section. 
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DISCUSSION 
 
All myrmecophilous organs (Fig 1), with the possible exception of balloon setae (Figs 1), 
presented a single origin within Riodinidae. While this pattern is expected, as we would 
assume the appearance of a de novo organ to be rare and difficult, multiple losses of ant 
organs with no clear reversion were detected in the present analyses. The presence of TNOs in 
Symmachiini is an apparent case of reversion (Fig 1). However, the phylogenetic 
relationships between the tribes Symmachiini, Helicopini, Emesini, Calydnini and Sertanini 
(hence the “small tribes”) is uncertain in both phylogenies available to date, and the reversion 
observed here can be an artifact of poor phylogenetic resolution at these nodes. Additionally, 
because TNOs of Symmachiini are apparently nonfunctional (DeVries 1997; Callaghan 1989) 
a reversion occurring exclusively in this clade is unlikely. 
The specialized vibratory papillae are present in almost all members of Nymphidiini, the 
exception being the genus Stalachtis. Previously contained in its own tribe (Fig 1, see 
Chapter1, Seraphim et al in prep. for more details), Stalachtis was originally thought to be an 
independent lineage (Stichel 1910-1911; Harvey, 1987), and its lack of ant-organs, including 
the vibratory papillae, has been used as an argument against its placement in the Nymphidiini 
even after molecular evidence (Espeland et al 2015). However, Stalachtis phlegia (Cramer, 
1779) not only possess TNOs, but also engage in facultative myrmecophilous behavior. 
Furthermore, the loss of vibratory papillae in Stalachtis has left us a clue: its sister genus 
Protonymphidia Hall, 2000 possess such organs, only in a reduced state. In fact, vibratory 
papillae are so reduced we doubt that such organs are functional in Protonymphidia larvae. 
Additionally, sound production loss has been recorded elsewhere, with some species of 
Nymphidium being mute despite presenting vibratory papillae (DeVries 1991a). Another 
reported mode of substrate-borne sound production is the use of cranial striations in larvae 
against teeth in the larval neck (Figs 1), and it could be the ancestral mode of sound 
production to all Riodinidae (Fig 1), or be a specific adaptation to the Eurybiini (Fig 1), with 
more analyses supporting the latter hypothesis.  
Balloon setae either evolved multiple times (Fig 1) or appeared once in the ancestral of 
the four forewing radial-veined Riodininae (Riodininae except Eurybiini) and then suffered 
several losses. In the tribe Nymphidiini, the losses occurred in Stalachtina, and Lemoniadiina. 
In the “small tribes”, the losses were in Symmachiini and Emesini. Finally, in Riodinini there 
was a single loss in the sister clade of the Caria clade (most species of Riodinini) (Fig 1). In 
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the case of myrmecophilous groups, the Stalachtina are facultative myrmecophilous, whereas 
Lemoniadiina have changed from the ancestral Nymphidiini ant (Myrmicinae) to specialize in 
Formicinae ants. Therefore, inside Nymphidiini, the losses of BS could be associated with the 
change in ant-taxon, whereas outside Nymphidiini the permanence o BS or its loss could be 
related to other natural history characteristics of larvae, i.e. defense against ant predators. In 
the first hypothesis, BS in different groups are non-homologous and its function and evolution 
should be studied separately in each case. In fact (Hall et al. 2004) comments that the 
ultrastructure of BS in Calydna Doubleday, 1847 is very similar to BS in Helicopini, but 
differs from BS in most Nymphidiini (Theope). In the same way, the morphology of balloon 
setae in Riodinini is distinct, without cuticular projections (Kaminski 2008). In this sense, the 
available information on the morphology suggests that BS in different groups are not 
homologous. In addition, in some clades, larvae bearing BS also construct leaf shelters, 
suggesting BS could be related to unknown defensive strategies in these groups. 
The anterior tentacle organs (ATOs) are restricted to the Lemoniadiina (Fig 2). This 
chemical manipulative organ evolved in an ancestral already specialized in Formicinae ants, 
more specifically to ants of the genus Camponotus. Furthermore, this whole subtribe 
possesses ancestral polyphagy (with the exception of Menander) whereas the common mode 
for Riodinidae is the use of only one family as host plant. All this together form a picture of 
larval specialization on a type of ant favoring the appearance of a new organ for chemical 
communication with ants, and further leading the group to broaden its dietary host plant, one 
step at a time. 
The nectary producing organs (TNOs) are the oldest ant-organs in the family, appearing 
first at the subfamily level (Fig 1). However, their ecological function itself is more plastic, 
appearing several times in the tree (Fig 1). Mesosemia Hübner, [1819] species have TNOs but 
are non-myrmecophilous and the same is observed in Symmachiini. Some species in the 
Napaea section, as Hyphilaria thasus (Stoll, 1780) (Hyphilaria Hübner, [1819] is a non-
monophyletic genus) and Napaea beltiana (Bates, 1867) have been reported interacting 
occasionally with ants (Brevignon 1992, LAK, data in this paper), but their groups are 
massively non-myrmecophilous. We propose two hypotheses for this pattern: i) the TNO 
evolved first with a different function and was later co-opted as a myrmecophilous organ, and 
ii) the ancestral of Riodininae was myrmecophilous, and TNOs evolved for myrmecophilous 
purposes. However, losses and reversions of the ecological interaction are so common that the 
signal was lost and reconstructions appear to show myrmecophily appearing separately in the 
Napaea section, Nymphidiini and Eurybiini. 
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The evolution of carnivory, on the other hand, appears to have occurred multiple times in 
all tested models (Fig 1). All groups had developed ancestral myrmecophily and ant 
specialization, particularly in Formicinae ants, before the development of carnivory. For most 
of Pandemiina we do not have information on larval diet, and data was provided to SCM 
analysis as prior information. Interestingly, the analysis recovers that all Pandemiina are 
possibly carnivorous, which in turn agrees with expectations of specialists as these animals 
have greasy wings characteristic of carnivorous riodinids (DeVries 1997). 
There is an argument for the evolution of ant specialization as a facilitator to the 
evolution of host plant generalization (DeVries et al. 1994; DeVries 1997; Hall & Harvey 
2001; Kaminski 2008b). Our data support such hypothesis (Fig 3), with the ancestral state for 
Riodinidae being the use of only one host plant family, namely the Primulaceae, as suggested 
by Espeland et al. (2015) (ML analysis with plant family, results not shown). Host plant 
generalization appeared in the clades with obligate myrmecophily: Theope, some 
Nymphidium, Lemoniadiina and Adelotypa Warren, 1895. Outside myrmecophilous groups, 
the only clade to evolve the use of multiple host plant families is Emesis. 
Furthermore, our data supports the hypothesis that lycaenid and riodinid ant-organs are 
non-homologous. The ATOs, the possible homologous for the lycaenid paired nectary glands 
appeared only in a late node within the Riodinid tree, with no homologous structures 
throughout the older nodes. The TNOs also appeared inside the Riodinidae tree, more likely 
on the ancestral of the subfamily Riodininae, with the sister clade, the Nemeobiinae, never 
presenting such structures. 
Pierce et al. (1987) proposed that myrmecophily was a driver to lycaenid diversification. 
Fiedler (1997) disagreed, proposing that only obligate species would present increased 
speciation rates, and those are the minority. However, myrmecophily could pose other 
advantages to species diversification, and such ideas remain to be tested on a phylogenetic 
framework. For the Riodinidae, DeVries (1991b) argues similarly, suggesting that 
myrmecophilous lineages are less diverse than non-myrmecophilous ones and here, the 
present phylogeny and the estimated character history can be of use to reveal the effects of 
acquired myrmecophily to species diversification. To compare such effects it is important to 
contrast sister taxa, ie. Eurybiina versus Mesosemiina and Nymphidiini, versus the “small 
tribes” plus Riodinini (the non-myrmecophilous Riodininae). The myrmecophilous Eurybiina 
has ca. 30 species, whereas the non-myrmecophilous Mesosemiina has ca. 193 species today 
and further taxonomic inquiry could increase this number greatly, especially in the 
subsampled Amazonian region. Similarly, the myrmecophilous Nymphidiini has circa 336 
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species, whereas its sister clade (the non-myrmecophilous “small tribes” plus Riodinini) has 
circa 518 species. Clearly, the non-myrmecophilous groups are more diverse than the 
myrmecophilous ones. However, if we compare the diversity of the two subfamilies 
Nemeobiinae (with Euselasia Hübner, [1819], circa 285 species) and Riodininae (circa 1055 
species) we see a different pattern, with more diversification in the lineage that acquired 
TNOs and hence myrmecophily. This pattern could have been caused by a slowdown in 
diversification of old-world invading lineages; however, no significant change in the 
diversification pattern of that group has been found by Espeland et al. (2015) or in our data 
(data not shown). Another hypothesis is that myrmecophily constituted an ancestral advantage 
for the diversification of early lineages (novel niche) that has been lost over time, i.e. after all 
available niche is occupied or because it poses an evolutionary dead-end.  
Our study is a preliminary assessment of the evolution of larval ant-organs and ecological 
ant-larvae interactions within the Riodinidae and some questions have been answered:  i) 
TNOs, organs used to maintain the trophobiotic interactions between caterpillar and ants are 
the first ant-organs to appear once in the ancestral of Riodininae and are non-homologous to 
all known lycaenid ant-organs; call production organs in the ancestral of Eurybiina and 
Nymphidiini appeared later, after the TNOs; chemical ant manipulation organs, which are 
more specific to different ant taxa and appeared only in groups that present obligate 
myrmecophily, appeared even later in the evolution of riodinids; ii) The different ant-organs 
can be lost in lineages that no longer maintain strong interactions with ants, but reversions are 
not common; and iii) myrmecophily seems to have been important in the early diversification 
of Riodininae subfamily, but extant non-myrmecophilous groups are more diverse than 
myrmecophilous ones.  
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Table 1. Data summary at genus level with original source.  
Taxa Myr ANT TNO VP CS Car ATO BS Hostplant Source 
Abisara 0 Absent 0 0 0 0 0 0 Primulaceae Harvey 1987 
Adelotypa malca 1 Formicinae 1 1 0 1 0 1 Orchidaceae LA Kaminski 
Adelotypa 
annulifera 
(Livendula) 
1 Formicinae 1 1 0 1 0 1 Primulaceae, 
Fabaceae 
Torres & Pomerantz 2016; 
Beccaloni 2008  
Alesa 1 Formicinae 1 0 1 1 0 0 _ DeVries & Penz 2000; De Vries 
& Penz 2002 Gallard & 
Fernandez 2015 
Ancyluris 0 Absent 0 0 0 0 0 0 ? Casagrande et al. 2009 
Anteros  0 Absent 0 0 0 0 0 0 Melastomataceae Mota et al. 2014 
Apodemia mormo 0 Absent 0 0 0 0 0 0 ? DeVries et al. 2004 
Argyrogrammana 0 Absent 1 0 0 0 0 0 Clusiaceae Janzen & Hallwachs 2016 
Ariconias  1 Formicinae 1 1 0 0 1 0 Polyphagous LA Kaminski 
Aricoris  1 Formicinae 1 1 0 1 1 0 Polyphagous LA Kaminski 
Baeotis 0 Absent 0 0 0 0 0 0 Loranthaceae LA Kaminski 
Barbicornis 0 Absent 0 0 0 0 0 0 Ulmaceae LA Kaminski 
Calephelis ? ? ? ? ? ? ? ? Asteraceae LA Kaminski 
Calospila lucianus 0 Myrmicinae 1 1 0 0 0 1 Malphighiaceae DeVries 1997 
Calydna  0 Absent 0 0 0 0 0 0 Olacaceae Hall et al. 2004 
Caria  0 Absent 0 0 0 0 0 0 Ulmaceae Kaminski 2008a 
Catocyclotis 0 Myrmicinae 1 1 0 0 0 1 Fabaceae Kaminski 2008a and Nishida, 
person. Comm. 
Chalodeta 0 Absent 0 0 0 0 0 0 Florivorous 
(polyphagous) 
LA Kaminski 
Charis  0 Absent 0 0 0 0 0 0 Asteraceae DeVries et al. 1994 
Chorinea  0 Absent 0 0 0 0 0 0 Celastraceae Casagrande et al. 2009 
Dachetola  0 Absent 0 0 0 0 0 0 Loranthaceae Kaminski et al. 2014 
Detritivora 0 Absent 0 0 0 0 0 0 Detritivorous Hall & Harvey 2002 
Emesis 0 Absent 0 0 0 0 0 0 Polyphagous DeVries et al. 2004; DeVries 
1997 
Eunogyra 0 Absent 0 0 0 0 0 0 Araceae Hall 2003 
Eurybia 1 Facultative 1 0 1 0 0 0 Zingiberaceae & DeVries 1991a; Travassos et al. 
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Maranthaceae 2008 
Euselasia 0 Absent 0 0 0 0 0 0 Polyphagous Nishida 2010 
Hallonympha  1 Myrmicinae 1 1 0 0 0 1 Polyphagous DeVries et al. 2004; Kaminski 
2008b 
Helicopsis 0 Absent 0 0 0 0 0 0 Araceae Mota et al. 2014 
Hyphilaria thasus 1 Facultative 1 0 0 0 0 0 Orchidaceae & 
Bromeliaceae 
LA Kaminski 
Ithomeis ? ? ? ? ? ? ? ? Olacaceae DeVries 1997 
Ithomiola  0 Absent 0 0 0 0 0 0 Orchidaceae Callaghan 1991 
Juditha 1 Dolichoderinae 1 1 0 0 1 0 Polyphagous LAK 
Lasaia 0 Absent 0 0 0 0 0 0 Fabaceae DeVries 1997 
Lemonias 1 Formicinae 1 1 0 0 1 0 Euphorbiaceae DeVries 1997 and LA Kaminski 
Leucochimona 0 Absent 1 0 0 0 0 0 Rubiaceae LA Kaminski 
Lyropterix 0 Absent 0 0 0 0 0 0 Vochysiaceae DeVries 1997 
Melanis 0 Absent 0 0 0 0 0 0 Fabaceae DeVries 1997 
Menander 1 Formicinae 1 1 0 0 1 1 Marcgraviaceae DeVries 1997; Hall et al. 2004 
Mesosemia 0 Absent 1 0 0 0 0 0 Rubiaceae LA Kaminski 
Metacharis 0 Absent 0 0 0 0 0 0 Olacaceae Callaghan 1991 
Monethe ? ? ? ? ? ? ? ? Fabaceae Bizarro persn. comm. 
Napaea  1 Facultative 1 0 0 0 0 0 Orchidaceae Brevignon 1992 
Nymphidium 1 Myrmicinae 1 1 0 0 0 1 Polyphagous DeVries et al. 2004 and LA 
Kaminski 
Panara 0 Absent 0 0 0 0 0 0 Flacourticaceae LA Kaminski 
Pandemos 1 Dolichoderinae 1 ? ? ? ? ? ? DeVries persn. comm. 
Parcella 0 Absent 0 0 0 0 0 0 Florivorous 
(polyphagous) 
LA Kaminski 
Perophthalama 0 Absent 1 0 0 0 0 0 Rubiaceae Janzen & Hallwachs 2016 
Phaenochitonia 0 Absent 1 0 0 0 0 0 Myrtaceae LA Kaminski 
Pheles ? ? ? ? ? ? ? ? Fabaceae Janzen & Hallwachs 2016 
Pirascca 0 Absent 1 0 0 0 0 0 Melastomatacea LA Kaminski 
Protonymphidia  1 Myrmicinae 1 1 0 0 0 0 Fabaceae LA Kaminski 
Rhetus  0 Absent 0 0 0 0 0 0 Euphorbiaceae Kaminski et al. 2015; 
Casagrande et al. 2009 
Riodina 0 Absent 0 0 0 0 0 0 Fabaceae LA Kaminski 
Sarota 0 Absent 0 0 0 0 0 0 Epiphyls DeVries 1988b 
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Semomesia 0 Absent 1 0 0 0 0 0 Rubiaceae LA Kaminski 
Setabis 1 Dolichoderinae 1 1 0 1 0 0 ? DeVries 1997 
Stalachtis 1 Facultative 1 0 0 0 0 0 Simaroubaceae LA Kaminski 
Stichelia 0 Absent 1 0 0 0 0 0 Melastomataceae LA Kaminski 
Styx 0 Absent 0 0 0 0 0 0 Primulaceae Lamas 2003 
Symmachia 0 Absent 1 0 0 0 0 0 Urticaceae LA Kaminski 
Synargis 1 Formicinae 1 1 0 0 1 0 Polyphagous DeVries 1997 and LAK 
Syrmatia ? ? ? ? ? ? ? ? Lilyaceae DeVries 1997 
Theope 1 Dolichoderinae 1 1 0 0 0 1 Polyphagous Kaminski et al. 2013 
Thisbe 1 Facultative 1 1 0 0 1 0 Euphorbiaceae LA Kaminski 
Uraneis ? ? 1 1 0 0 1 0 Loranthaceae DeVries 1997 
Voltinia ? ? ? ? ? ? ? ? Bromeliaceae Hall 2005 
Zemeros 0 Absent 0 0 0 0 0 0 ? Harvey 1987 
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Figure 1. Summary of ancestral states estimates for myrmecophilous organs TNO 
(tentacular nectary organs) in red, VP (vibratory papillae) in pink, CS (sound production 
through cranial striations) in yellow, ATO (anterior tentacular organs) in orange, BS (Ballon 
setae) in white, and ecological interactions Myr (myrmecophily) in blue and Car (carnivory) 
in green. 
Figure 2. Summary of ancestral states estimates of ant subfamily using bestQ approach 
with make.simmap option in Phytools package in R using 10,000 simulations with SYM 
model. Facultative interactions are coded in blue, interactions with Dolichoderinae ants are in 
red, Myrmicinae ants are in yellow and Formicinae ants are in green. Absence of 
myrmecophily is coded in black. 
Figure 3. Summary of ancestral states of number of host plant families used by larvar 
using mcmcQ approach with make.simmap option in Phytools package in R using 1,000 
simulations with a burnin of 1,000,000 and ARD model. The use of only one plant family as 
host plant is coded in red, two plant families is coded in green and three or more is coded in 
yellow. 
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Considerações Finais 
 
A amostragem de grupos Neotropicais é geralmente deficitária em filogenias, em especial 
os grupos Amazônicos. Existe um viés de coleta significativo na região Amazônica, que 
impede que trabalhos como este sejam realizados adequadamente. A filogenia recentemente 
publicada de Riodinidae (Espeland et al 2015), por exemplo, apresenta uma amostragem 
exaustiva da subfamília Paleotrópica e uma amostragem deficiente dos grupos Neotropicais. 
Riodinidae trazem ainda um desafio maior, porque suas espécies são raras no tempo e espaço 
(DeVries 1997).  
Esta tese representa uma grande contribuição para o conhecimento das borboletas dessa 
família. Em primeiro lugar, a nossa amostragem genética é sem precedentes para um grupo de 
difícil coleta priorizando a região amazônica e ampliando o conhecimento sobre as espécies 
brasileiras. A nossa amostragem, majoritariamente em território nacional, permite não só uma 
reestruturação da alta sistemática de Riodinidae, como também traz informações cruciais para 
outros grupos taxonômicos menores, com revisões propostas no nível de gênero, e inclusive 
com a descoberta de espécies novas para a ciência. Em uma amostragem de 248 indivíduos, 
16 não puderam ser identificados mesmo após consulta a especialistas; destes, 5 são com 
certeza espécies desconhecidas da ciência (cerca de 2%). Além disso, encontramos cinco 
gêneros novos que precisam de descrição, descrevemos três novas tribos, três novas subtribos 
e propusemos uma série de outras mudanças sistemáticas. 
Para o estudo da evolução da mirmecofilia, essa tese apresenta uma revisão exaustiva da 
literatura disponível a cerca dos dados de biologia de imaturos somada a uma contribuição 
expressiva de dados novos. Ampliando o conhecimento da biologia de imaturos, da evolução 
dessas características e da interações ecológicas entre formigas e larvas de riodinídeos. 
Adicionalmente esta tese representa o primeiro trabalho em que métodos explícitos de 
modelagem de evolução de caracteres são aplicados ao estudo da evolução de interações 
ecológicas em Lepidoptera. 	 	
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Anexos 
 
Esta seção contém os anexos da tese: 
Anexo 1: Hipótese filogenética para a família Riodinidae obtida através de análise bayesiana 
no software MrBayes (Capítulo 1). Valores à frente dos nós representam a probabilidade 
posterior obtida para aquele nó, valores inferiores à 0,75 são omitidos. 
Anexo 2: Matriz completa de dados de imaturos para análise de evolução de caracteres 
(Capítulo 2). 
Anexo 3. Estimativas de caracteres ancestrais para órgão nectários tentaculares (TNOs) 
usando o método bestQ com a opção make.simmap no pacote Phytools do programa R usando 
10.000 simulações com o modelo ARD (Capítulo 2). 
Anexo 4. Estimativas de caracteres ancestrais para papilas vibratórias (VP) usando o método 
bestQ com a opção make.simmap no pacote Phytools do programa R usando 10.000 
simulações com o modelo ARD (Capítulo 2). 
Anexo 5. Estimativas de caracteres ancestrais para produção de som através de ranhuras na 
cápsula cefálica da larva (CS) usando o método bestQ com a opção make.simmap no pacote 
Phytools do programa R usando 10.000 simulações com o modelo ARD (Capítulo 2). 
Anexo 6. Estimativas de caracteres ancestrais para para produção de som através de ranhuras 
na cápsula cefálica da larva (CS) usando o método mcmcQ com a opção make.simmap no 
pacote Phytools do programa R usando 1.000 simulações com um burnin de 1.000.000 e 
modelo ARD (Capítulo 2). 
Anexo 7. Estimativas de caracteres ancestrais para órgãos tentaculares anteriores (ATO) 
usando o método bestQ com a opção make.simmap no pacote Phytools do programa R usando 
10.000 simulações com o modelo ARD (Capítulo 2). 
Anexo 8. Estimativas de caracteres ancestrais para cerdas baloniformes (BS) usando o 
método bestQ com a opção make.simmap no pacote Phytools do programa R usando 10.000 
simulações com o modelo ARD (Capítulo 2). 
Anexo 9. Estimativas de caracteres ancestrais para cerdas baloniformes (BS) usando o 
método mcmcQ com a opção make.simmap no pacote Phytools do programa R usando 1.000 
simulações com um burnin de 1.000.000 e modelo ARD(Capítulo 2). 
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Anexo 10. Estimativas de caracteres ancestrais para mirmecofilia (Myr) usando o método 
bestQ com a opção make.simmap no pacote Phytools do programa R usando 10.000 
simulações com o modelo ARD (Capítulo 2). 
Anexo 11. Estimativas de caracteres ancestrais para carnivoria (Car) usando o método bestQ 
com a opção make.simmap no pacote Phytools do programa R usando 10.000 simulações com 
o modelo ARD (Capítulo 2). 
Anexo 12. Estimativas de caracteres ancestrais para subfamília de formiga (Ant) usando o 
método bestQ com a opção make.simmap no pacote Phytools do programa R usando 10.000 
simulações com o modelo SYM (Capítulo 2). 
Anexo 13. Estimativas de caracteres ancestrais para número de família de plantas hospedeiras 
(plant) usando o método mcmcQ com a opção make.simmap no pacote Phytools do programa 
R usando 1.000 simulações com um burnin de 1.000.000 e modelo SYM (Capítulo 2). 
Anexo 14 e 15. Outros trabalhos produzidos pela aluna durante o doutorado: 
Anexo 14. “Natural history and systematic position of Rhetus belphegor (n. comb.) 
(Lepidoptera: Riodinidae), an endangered butterfly with narrow distribution in Southeast 
Brazil.” Kaminski, L.A., Soares, G.R., Seraphim, N.,Whalberg, N., Marini-Filho, O.J. & 
Freitas, A.V.L. Journal of Insect Conservation (2015) 19: 1141-1151 
Anexo 15. “Genetic diversity of Parides ascanius (Lepidoptera: Papilionidae: Troidini): 
implications for the conservation of Brazil’s most iconic endangered invertebrate species.” 
Seraphim, N., Barreto, M.A., Almeirda, G.S.S., Esperanço, A.P., Monteiro, R.F., Souza, A.P., 
Freitas, A.V.L., Silva-Brandão, K.L. Conservation Genetics (2016) 17: 533-546. 
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Appendix 2. Matrix with full dataset of immatures states for character evolution analysis 	
Number of characters: 10 
            Number of taxa: 247 
            Number of characters excluded: 0 
            Proportion of missing data: 0.23562753 
           Proportion of inapplicable codings: 0.0 
           
              Terminal code Genus species Myr Ant TNO VP CS Car ATO BS Host plant (HP) # HP Source 
FM_50 Abisara rutherfordi 0 Absent 0 0 0 0 0 0 Primulaceae one Harvey 1987 
NS0388 Adelotypa bolena 1 Formicinae 1 1 0 1 0 1 Orchidaceae one LAK 
NS0424 Adelotypa penthea ? ? ? ? ? ? ? ? ? ? ? 
NS0119 Alesa amesis 1 Formicinae 1 0 1 1 0 0 ? ? 
DeVries & Penz 
2000; De Vries & 
Penz 2002 
NS0159 Alesa amesis 1 Formicinae 1 0 1 1 0 0 ? ? 
DeVries & Penz 
2000; De Vries & 
Penz 2002 
NS0251 Alesa amesis 1 Formicinae 1 0 1 1 0 0 ? ? 
DeVries & Penz 
2000; De Vries & 
Penz 2002 
NS0351 Alesa amesis 1 Formicinae 1 0 1 1 0 0 ? ? 
DeVries & Penz 
2000; De Vries & 
Penz 2002 
NS0235 Amarynthis meneria ? ? ? ? ? ? ? ? ? ? ? 
NW85_9 Amarynthis meneria ? ? ? ? ? ? ? ? ? ? ? 
NS0334 Ancyluris aulestes 0 Absent 0 0 0 0 0 0 ? ? 
Casagrande et al. 
2009 
NS0467 Ancyluris tedea 0 Absent 0 0 0 0 0 0 ? ? 
Casagrande et al. 
2009 
NS0035 Anteros lectabilis 0 Absent 0 0 0 0 0 1 Melastomataceae one Mota et al. 2014 
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NS0386 Anteros formosus 0 Absent 0 0 0 0 0 1 Melastomataceae one Mota et al. 2014 
FS_ae_13 Apodemia mormo 0 Absent 0 0 0 0 0 0 ? ? DeVries et al. 2004 
NS0046 Argyrogrammana caesarion 0 Absent 1 0 0 0 0 0 Clusiaceae one 
Janzen & Hallwachs 
2016 
NS0509 Argyrogrammana caesarion 0 Absent 1 0 0 0 0 0 Clusiaceae one 
Janzen & Hallwachs 
2016 
NS0116 Ariconias glaphyra 1 Formicinae 1 1 0 0 1 0 Polyphagous 
three or 
more LAK 
NS0041 Aricoris caracensis 1 Formicinae 1 1 0 0 1 0 ? ? LAK 
NS0043 Aricoris spn1 1 Formicinae 1 1 0 0 1 0 ? ? LAK 
NS0044 Aricoris spn3 1 Myrmicinae 1 1 0 0 1 0 Polyphagous 
three or 
more LAK 
NS0075 Aricoris aurinia 1 Formicinae 1 1 0 1 1 0 ? ? LAK 
NS0096 Aricoris spn2 1 Formicinae 1 1 0 0 1 0 ? ? LAK 
NS0124 Aricoris propitia 1 Myrmicinae 1 1 0 0 1 0 Polyphagous 
three or 
more LAK 
NS0320 Aricoris signata 1 Myrmicinae 1 1 0 0 1 0 Polyphagous 
three or 
more LAK 
NS0038 Baeotis johannae 0 Absent 0 0 0 0 0 0 Loranthaceae one LAK 
NS0072 Baeotis melanis 0 Absent 0 0 0 0 0 0 Loranthaceae one LAK 
NS0117 Baeotis hisbon 0 Absent 0 0 0 0 0 0 Loranthaceae one LAK 
NS0370 Barbicornis basilis 0 Absent 0 0 0 0 0 1 Ulmaceae one LAK 
NS0111 Calephelis aymaran ? ? ? ? ? ? ? ? Asteraceae one LAK 
NS0014 Calospila emylius 1 Myrmicinae 1 1 0 0 0 1 Malphighiaceae one DeVries 1997 
NS0092 Calospila lucianus 1 Myrmicinae 1 1 0 0 0 1 Malphighiaceae one DeVries 1997 
NS0137 Calospila rhesa ? ? ? ? ? ? ? ? ? ? ? 
NS0232 Calospila emylius 1 Myrmicinae 1 1 0 0 0 1 Malphighiaceae one DeVries 1997 
NS0510 Calospila parthaon ? ? ? ? ? ? ? ? ? ? ? 
NS0185 Calydna catana 0 Absent 0 0 0 0 0 1 Olacaceae one Hall et al. 2004 
NS0258 Calydna thersander 0 Absent 0 0 0 0 0 1 Olacaceae one Hall et al. 2004 
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NS0356 Calydna morio 0 Absent 0 0 0 0 0 1 Olacaceae one Hall et al. 2004 
NS0361 Calydna cea 0 Absent 0 0 0 0 0 1 Olacaceae one Hall et al. 2004 
NS0326 Caria plutargus 0 Absent 0 0 0 0 0 1 Ulmaceae one Kaminski 2008a 
NS0327 Caria marsyas 0 Absent 0 0 0 0 0 1 Ulmaceae one Kaminski 2008a 
NS0492 Caria trochilus 0 Absent 0 0 0 0 0 1 Ulmaceae one Kaminski 2008a 
NS0247 Cartea ucayala ? ? ? ? ? ? ? ? ? ? ? 
NS0340 Cartea vitula ? ? ? ? ? ? ? ? ? ? ? 
NS0052 Catocyclotes aemulius 1 Myrmicinae 1 1 0 0 0 1 Fabaceae one 
Kaminski 2008a and 
Nishida, person. 
Comm. 
NS0286 Chalodeta theodora 0 Absent 0 0 0 0 0 0 
Florivorous 
Polyphagous 
three or 
more LAK 
NS0381 Chalodeta chelonis 0 Absent 0 0 0 0 0 0 
Florivorous 
Polyphagous 
three or 
more LAK 
NS0229 Chamaelimnas briola urbana ? ? ? ? ? ? ? ? ? ? ? 
NS0291 Chamaelimnas 
briola 
doryphora ? ? ? ? ? ? ? ? ? ? ? 
NS0214 Charis anius 0 Absent 0 0 0 0 0 0 Asteraceae one DeVries et al. 1994 
NS0512 Charis cadytis ? ? ? ? ? ? ? ? ? ? ? 
NS0513 Charis cadytis ? ? ? ? ? ? ? ? ? ? ? 
NS0316 Chorinea amazon 0 Absent 0 0 0 0 0 0 Celastraceae one 
Casagrande et al. 
2009 
NS0371 Chorinea licursis 0 Absent 0 0 0 0 0 0 Celastraceae one 
Casagrande et al. 
2009 
NS0195 Crocozona coecias ? ? ? ? ? ? ? ? ? ? ? 
NW85_10 Crocozona coecias ? ? ? ? ? ? ? ? ? ? ? 
NS0417 Dachetola azora 0 Absent 0 0 0 0 0 0 Loranthaceae one Kaminski et al. 2014 
NS0018 Detritivora tefe 0 Absent 0 0 0 0 0 1 Detritivorous 
three or 
more Hall & Harvey 2002 
NS0237 Detritivora argyrea ? ? ? ? ? ? ? ? ? ? ? 
NS0415 Detritivora ma 0 Absent 0 0 0 0 0 1 Detritivorous three or Hall & Harvey 2002 
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more 
NS0290 Echenais thelephus ? ? ? ? ? ? ? ? ? ? ? 
NS0192 Echydna chaseba ? ? ? ? ? ? ? ? ? ? ? 
NS0239 Echydna punctata ? ? ? ? ? ? ? ? ? ? ? 
NS0012 Emesis nr lucinda 0 Absent 0 0 0 0 0 0 Nyctaginaceae one 
DeVries et al. 2004; 
DeVries 1997 
NS0245 Emesis cerea 0 Absent 0 0 0 0 0 0 ? ? 
DeVries et al. 2004; 
DeVries 1997 
NS0259 Emesis spreta 0 Absent 0 0 0 0 0 0 Nyctaginaceae one 
DeVries et al. 2004; 
DeVries 1997; 
Beccaloni 2008 
NS0321 Emesis cerea 0 Absent 0 0 0 0 0 0 ? ? 
DeVries et al. 2004; 
DeVries 1997 
NS0324 Emesis diogenia 0 Absent 0 0 0 0 0 0 ? ? 
DeVries et al. 2004; 
DeVries 1997 
NS0325 Emesis ocypore 0 Absent 0 0 0 0 0 0 Ranunculaceae one 
DeVries et al. 2004; 
DeVries 1997; 
Beccaloni 2008 
NS0331 Emesis neemias 0 Absent 0 0 0 0 0 0 ? ? 
DeVries et al. 2004; 
DeVries 1997 
NS0453 Emesis lucinda 0 Absent 0 0 0 0 0 0 Nyctaginaceae one 
DeVries et al. 2004; 
DeVries 1997; 
Beccaloni 2008 
PDV_94_T02
2 Emesis mandana 0 Absent 0 0 0 0 0 0 Polyphagous 
three or 
more 
DeVries et al. 2004; 
DeVries 1997; 
Beccaloni 2008 
NS0332 Eunogyra curupira 0 Absent 0 0 0 0 0 0 Araceae one Hall 2003 
NS0090 Eurybia rubeolata 1 Facultative 1 0 1 0 0 0 Maranthaceae one 
DeVries 1991; 
Travassos et al. 2008; 
Beccaloni 2008 
NS0150 Eurybia halimede 1 Facultative 1 0 1 0 0 0 Maranthaceae one 
DeVries 1991; 
Travassos et al. 2008; 
Beccaloni 2008 
NS0242 Eurybia nicaeus 1 Facultative 1 0 1 0 0 0 Zingiberaceae & two DeVries 1991; 
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Maranthaceae Travassos et al. 2008; 
Beccaloni 2008 
NS0243 Eurybia albiseriata 1 Facultative 1 0 1 0 0 0 Maranthaceae one 
DeVries 1991; 
Travassos et al. 2008; 
Beccaloni 2008 
NS0257 Eurybia molochina 1 Facultative 1 0 1 0 0 0 
Zingiberaceae & 
Maranthaceae two 
DeVries 1991; 
Travassos et al. 2008; 
Beccaloni 2008 
NS0261 Eurybia patrona 1 Facultative 1 0 1 0 0 0 Maranthaceae one 
DeVries 1991; 
Travassos et al. 2008; 
Beccaloni 2008 
NS0363 Eurybia pergaea 1 Facultative 1 0 1 0 0 0 Maranthaceae one 
DeVries 1991; 
Travassos et al. 2008; 
Beccaloni 2008 
06_srnp_3317
6 Euselasia chrysippe 0 Absent 0 0 0 0 0 0 
Melastomataceae 
& Clusiaceae two Nishida 2010 
NS0070 Euselasia thucydides 0 Absent 0 0 0 0 0 0 Clusiaceae one 
Nishida 2010; 
Beccaloni 2009 
NS0102 Euselasia mys lara 0 Absent 0 0 0 0 0 0 Myrtaceae one 
Nishida 2010; 
Beccaloni 2009 
NS0153 Euselasia eugeon 0 Absent 0 0 0 0 0 0 Sapotaceae one Nishida 2010 
NS0155 Euselasia sp 0 Absent 0 0 0 0 0 0 ? ? Nishida 2010 
NS0156 Euselasia mys cytis 0 Absent 0 0 0 0 0 0 ? ? Nishida 2010 
NS0202 Euselasia erilis 0 Absent 0 0 0 0 0 0 ? ? Nishida 2010 
NS0203 Euselasia attrita 0 Absent 0 0 0 0 0 0 ? ? Nishida 2010 
NS0227 Euselasia euromus 0 Absent 0 0 0 0 0 0 ? ? Nishida 2010 
NS0228 Euselasia eustola 0 Absent 0 0 0 0 0 0 ? ? Nishida 2010 
NS0234 Euselasia eusepus 0 Absent 0 0 0 0 0 0 ? ? Nishida 2010 
NS0238 Euselasia gordios 0 Absent 0 0 0 0 0 0 ? ? Nishida 2010 
NS0250 Euselasia uria 0 Absent 0 0 0 0 0 0 ? ? Nishida 2010 
NS0263 Euselasia opalescens 0 Absent 0 0 0 0 0 0 ? ? Nishida 2010 
NS0445 Euselasia hygenius 0 Absent 0 0 0 0 0 0 Myrtaceae one Nishida 2010 
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NS0448 Euselasia eucerus 0 Absent 0 0 0 0 0 0 Myrtaceae one Nishida 2010 
NS0107 Halonympha paucipuncta 1 Myrmicinae 1 1 0 0 0 1 Polyphagous 
three or 
more 
DeVries et al. 2004; 
Kaminski 2008b 
NW84_13 Hamearis lucina 0 Absent 0 0 0 0 0 0 Primulaceae one Harvey 1987 
NS0115 Harveyope tinea ? ? ? ? ? ? ? ? ? ? ? 
NS0346 Helicopis gnidus 0 Absent 0 0 0 0 0 1 Araceae one Mota et al. 2014 
NS0347 Helicopis cupido 0 Absent 0 0 0 0 0 1 Araceae one Mota et al. 2014 
NS0079 Hyphilaria thasus 1 Facultative 1 0 0 0 0 0 
Orchidaceae & 
Bromeliaceae two LAK 
NS0313 Hyphilaria thasus 1 Facultative 1 0 0 0 0 0 
Orchidaceae & 
Bromeliaceae two LAK 
NS0344 Hyphilaria parthenis ? ? ? ? ? ? ? ? ? ? ? 
NS0345 Hyphilaria nicia ? ? ? ? ? ? ? ? ? ? ? 
NS0047 Ionotus alector ? ? ? ? ? ? ? ? ? ? ? 
NS0432 Isapsis argyrtus ? ? ? ? ? ? ? ? ? ? ? 
NS0248 Ithomeis aurantiaca ? ? ? ? ? ? ? ? Olacaceae one DeVries 1997 
NS0378 Ithomiola nepos 0 Absent 0 0 0 0 0 0 Orchidaceae one Callaghan 1991 
NS0098 Juditha molpe 1 
Dolichoderina
e 1 1 0 0 1 0 Polyphagous 
three or 
more LAK 
NS0276 Juditha pulcherrima 1 Absent 0 1 0 0 1 0 Polyphagous 
three or 
more LAK 
NS0281 Juditha molpe 1 
Dolichoderina
e 1 1 0 0 1 0 Polyphagous 
three or 
more LAK 
NS0318 Juditha molpe 1 
Dolichoderina
e 1 1 0 0 1 0 Polyphagous 
three or 
more LAK 
NS0015 Lasaia agesilas 0 Absent 0 0 0 0 0 0 Fabaceae one DeVries 1997 
NS0033 Lemonias zygia 1 Formicinae 1 1 0 0 1 0 Euphorbiaceae one 
DeVries 1997 and 
LAK 
NS0093 Lemonias stalachtioides 1 Formicinae 1 1 0 0 1 0 Euphorbiaceae one 
DeVries 1997 and 
LAK 
NS0058 Leucochimona icare 0 Absent 1 0 0 0 0 0 Rubiaceae one LAK 
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NS0480 Leucochimona lagora 0 Absent 1 0 0 0 0 0 Rubiaceae one LAK 
NS0020 Livendula leucophaea 1 Formicinae 1 1 0 1 0 1 
Primulaceae & 
Fabaceae two 
Torres & Pomerantz 
2016 
NS0091 Livendula huebneri 1 Formicinae 1 1 0 1 0 1 
Primulaceae & 
Fabaceae two 
Torres & Pomerantz 
2016 
NS0127 Livendula epixante 1 Formicinae 1 1 0 1 0 1 
Primulaceae & 
Fabaceae two 
Torres & Pomerantz 
2016 
NS0271 Livendula asemna 1 Formicinae 1 1 0 1 0 1 
Primulaceae & 
Fabaceae two 
Torres & Pomerantz 
2016 
NS0429 Livendula aristus 1 Formicinae 1 1 0 1 0 1 
Primulaceae & 
Fabaceae two 
Torres & Pomerantz 
2016 
NS0409 Lyropteryx therpsichore 0 Absent 0 0 0 0 0 0 Vochysiaceae one DeVries 1997 
NS0101 Melanis smithiae 0 Absent 0 0 0 0 0 0 Fabaceae one DeVries 1997 
NS0108 Melanis aegates 0 Absent 0 0 0 0 0 0 Fabaceae one DeVries 1997 
NS0160 Melanis electron 0 Absent 0 0 0 0 0 0 Fabaceae one DeVries 1997 
NS0103 Menander menander 1 Formicinae 1 1 0 0 1 0 Marcgraviaceae one DeVries 1997 
NS0278 Mesene leucophrys ? ? ? ? ? ? ? ? ? ? ? 
NS0308 Mesene croceella ? ? ? ? ? ? ? ? ? ? ? 
NS0481 Mesenopsis jordana ? ? ? ? ? ? ? ? ? ? ? 
NS0191 Mesophthalma idotea ? ? ? ? ? ? ? ? ? ? ? 
05_srnp_4859
8 Mesosemia lamachus 0 Absent 1 0 0 0 0 0 Rubiaceae one LAK 
NS0016 Mesosemia spn (nr bella) 0 Absent 1 0 0 0 0 0 Rubiaceae one LAK 
NS0053 Mesosemia rhodia 0 Absent 1 0 0 0 0 0 Rubiaceae one LAK 
NS0086 Mesosemia nr mayi 0 Absent 1 0 0 0 0 0 Rubiaceae one LAK 
NS0087 Mesosemia acuta 0 Absent 1 0 0 0 0 0 Rubiaceae one LAK 
NS0162 Mesosemia sirenia 0 Absent 1 0 0 0 0 0 Rubiaceae one LAK 
NS0179 Mesosemia inconspicua 0 Absent 1 0 0 0 0 0 Rubiaceae one LAK 
NS0182 Mesosemia melpia melpia 0 Absent 1 0 0 0 0 0 Rubiaceae one LAK 
NS0256 Mesosemia thera 0 Absent 1 0 0 0 0 0 Rubiaceae one LAK 
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NS0272 Mesosemia sifia 0 Absent 1 0 0 0 0 0 Rubiaceae one LAK 
NS0274 Mesosemia nyctea 0 Absent 1 0 0 0 0 0 Rubiaceae one LAK 
NS0280 Mesosemia amaranthus 0 Absent 1 0 0 0 0 0 Rubiaceae one LAK 
NS0366 Mesosemia meivania 0 Absent 1 0 0 0 0 0 Rubiaceae one LAK 
NS0505 Mesosemia acuta 0 Absent 1 0 0 0 0 0 Rubiaceae one LAK 
NS0013 Metacharis lucius 0 Absent 0 0 0 0 0 0 Olacaceae one Callaghan 1991 
NS0233 Metacharis lucius 0 Absent 0 0 0 0 0 0 Olacaceae one Callaghan 1991 
NS0254 Metacharis regalis 0 Absent 0 0 0 0 0 0 Olacaceae one Callaghan 1991 
NS0364 Metacharis ptolomaeus 0 Absent 0 0 0 0 0 0 Olacaceae one Callaghan 1991 
NS0483 Metacharis nigrella 0 Absent 0 0 0 0 0 0 Olacaceae one Callaghan 1991 
NS0507 Monethe alphonsus ? ? ? ? ? ? ? ? Fabaceae ? Bizarro, pers. comm. 
NS0379 Mycastor leucarpis ? ? ? ? ? ? ? ? ? ? ? 
NS0380 Mycastor leucarpis ? ? ? ? ? ? ? ? ? ? ? 
NS0435 Napaea heteroea 1 Facultative 1 0 0 0 0 0 Orchidaceae one Brevignon 1992 
NS0303 Notheme erota ? ? ? ? ? ? ? ? ? ? ? 
NS0017 Nymphidium baeotia 1 Myrmicinae 1 1 0 0 0 1 Polyphagous 
three or 
more 
DeVries et al. 2004; 
LAK 
NS0026 Nymphidium sp 1 ? 1 1 0 0 0 1 ? ? 
DeVries et al. 2004; 
LAK 
NS0027 Nymphidium caricae 1 Myrmicinae 1 1 0 0 0 1 Fabaceae one 
DeVries et al. 2004; 
LAK 
NS0030 Nymphidium baeotia 1 Myrmicinae 1 1 0 0 0 1 Polyphagous 
three or 
more 
DeVries et al. 2004; 
LAK 
NS0144 Nymphidium azanoides 1 Myrmicinae 1 1 0 0 0 1 Fabaceae one 
DeVries et al. 2004; 
LAK 
NS0205 Nymphidium ascolia 1 Facultative 1 1 0 0 0 1 Fabaceae one 
DeVries et al. 2004; 
LAK 
NS0208 Nymphidium ascolia 1 Facultative 1 1 0 0 0 1 Fabaceae one 
DeVries et al. 2004; 
LAK 
NS0209 Nymphidium ascolia 1 Facultative 1 1 0 0 0 1 Fabaceae one 
DeVries et al. 2004; 
LAK 
	 115	
NS0210 Nymphidium leucosia 1 Myrmicinae 1 1 0 0 0 1 
Fabaceae & 
Lecitidaceae two 
DeVries et al. 2004; 
LAK 
NS0218 Nymphidium manthus 1 5 1 1 0 0 0 1 Polyphagous 
three or 
more 
DeVries et al. 2004; 
LAK 
NS0219 Nymphidium baeotia 1 Myrmicinae 1 1 0 0 0 1 Polyphagous 
three or 
more 
DeVries et al. 2004; 
LAK 
NS0282 Nymphidium fulminans 1 Myrmicinae 1 1 0 0 0 1 Polyphagous 
three or 
more 
DeVries et al. 2004; 
LAK 
NS0283 Nymphidium caricae 1 Myrmicinae 1 1 0 0 0 1 Fabaceae one 
DeVries et al. 2004; 
LAK 
NS0296 Nymphidium lisimon 1 Myrmicinae 1 1 0 0 0 1 Polyphagous 
three or 
more 
DeVries et al. 2004; 
LAK 
NS0358 Nymphidium cf_olinda 1 Myrmicinae 1 1 0 0 0 1 Polyphagous 
three or 
more 
DeVries et al. 2004; 
LAK 
NS0359 Nymphidium acherois 1 Myrmicinae 1 1 0 0 0 1 Fabaceae one 
DeVries et al. 2004; 
LAK 
NS0431 Nymphidium chione 1 Myrmicinae 1 1 0 0 0 1 Polyphagous 
three or 
more 
DeVries et al. 2004; 
LAK 
NS0120 Panara phereclus 0 Absent 0 0 0 0 0 0 Flacourticaceae one LAK 
NS0253 Panara phereclus 0 Absent 0 0 0 0 0 0 Flacourticaceae one LAK 
NS0365 Panara soana 0 Absent 0 0 0 0 0 0 Flacourticaceae one LAK 
NS0501 Panaropsis spn ? ? ? ? ? ? ? ? ? ? ? 
NS0462 Pandemos pasiphae 1 
Dolichoderina
e 1 ? ? ? ? ? ? ? 
DeVries persn. 
comm. 
NS0074 Parcella amarynthina 0 Absent 0 0 0 0 0 0 
Florivorous 
(Polyphagous) 
three or 
more LAK 
NS0348 Perophthalma tullius 0 Absent 1 0 0 0 0 0 Rubiaceae one 
Janzen & Hallwachs 
2016 
NS0298 Phaenochitonia fuliginea 0 Absent 1 0 0 0 0 0 Myrtaceae one LAK 
NS0495 Phaenochitonia cingulus 0 Absent 1 0 0 0 0 0 Myrtaceae one LAK 
NS0008 Pheles atricolor ? ? ? ? ? ? ? ? Fabaceae one 
Janzen & Hallwachs 
2016 
NS0398 Pheles heliconides ? ? ? ? ? ? ? ? Fabaceae one 
Janzen & Hallwachs 
2016 
	 116	
NS0061 Pirascca sagaris 0 Absent 1 0 0 0 0 0 Melastomataceae one LAK 
NS0497 Protonymphidia senta 1 Myrmicinae 1 1 0 0 0 0 Fabaceae one LAK 
NS0456 Pseudotinea hemis ? ? ? ? ? ? ? ? ? ? ? 
NS0457 Pseudotinea hemis ? ? ? ? ? ? ? ? ? ? ? 
NS0076 Rhetus belphegor 0 Absent 0 0 0 0 0 0 Euphorbiaceae one Kaminski et al. 2015 
NS0288 Rhetus periander 0 Absent 0 0 0 0 0 0 ? ? 
Casagrande et al. 
2009 
NS0506 Rhetus 
periander 
eleusinus 0 Absent 0 0 0 0 0 0 ? ? 
Casagrande et al. 
2009 
NS0110 Riodina lysisca 0 Absent 0 0 0 0 0 0 Fabaceae one LAK 
NS0440 Riodina lysippus 0 Absent 0 0 0 0 0 0 Fabaceae one LAK 
NS0460 Riodina lysippoides 0 Absent 0 0 0 0 0 0 Fabaceae one LAK 
NS0485 Rodinia calphurnia ? ? ? ? ? ? ? ? ? ? ? 
NS0362 Roeberella lencates ? ? ? ? ? ? ? ? ? ? ? 
NS0141 Sarota completa 0 Absent 0 0 0 0 0 1 Epiphyls 
three or 
more DeVries 1988 
NS0213 Sarota myrtea 0 Absent 0 0 0 0 0 1 Epiphyls 
three or 
more DeVries 1988 
NS0337 Sarota acanthoides 0 Absent 0 0 0 0 0 1 Epiphyls 
three or 
more DeVries 1988 
NS0360 Sarota acanthoides 0 Absent 0 0 0 0 0 1 Epiphyls 
three or 
more DeVries 1988 
NS0142 Semomesia marisa 0 Absent 1 0 0 0 0 0 Rubiaceae one LAK 
NS0225 Semomesia croesus 0 Absent 1 0 0 0 0 0 Rubiaceae one LAK 
NS0104 Sertania guttata ? ? ? ? ? ? ? ? ? ? ? 
NS0181 Setabis sp 1 
Dolichoderina
e 1 1 0 1 0 0 ? ? DeVries 1997 
NS0488 Setabis epitus 1 
Dolichoderina
e 1 1 0 1 0 0 ? ? DeVries 1997 
NS0477 Siseme aristoteles ? ? ? ? ? ? ? ? ? ? DeVries 1997 
BLU164 Stalachtis calliope 1 Facultative 1 0 0 0 0 0 ? ? LAK 
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BLU166 Stalachtis euterpe 1 Facultative 1 0 0 0 0 0 ? ? LAK 
BLU170 Stalachtis phlegia 1 Facultative 1 0 0 0 0 0 Simaroubaceae one LAK 
NS0420 Stalachtis calliope 1 Facultative 1 0 0 0 0 0 ? ? ? 
NS0105 Stichelia bocchoris 0 Absent 1 0 0 0 0 0 Melastomataceae one LAK 
NN77 Styx infernalis 0 Absent 0 0 0 0 0 0 Primulaceae one Lamas 2003 
NS0401 Symmachia praxila 0 Absent 1 0 0 0 0 0 ? ? ? 
NS0503 Symmachia accusatrix 0 Absent 1 0 0 0 0 0 Urticaceae one LAK 
NS0504 Symmachia sp 0 Absent 1 0 0 0 0 0 ? ? ? 
NS0511 Symmachia sp 0 Absent 1 0 0 0 0 0 ? ? ? 
NS0040 Synargis axenus 1 Formicinae 1 1 0 0 1 0 Polyphagous 
three or 
more 
DeVries 1997 and 
LAK 
NS0050 Synargis ethelinda 1 Formicinae 1 1 0 0 1 0 Polyphagous 
three or 
more 
DeVries 1997 and 
LAK 
NS0146 Synargis galena 1 Ectatomminae 1 1 0 0 1 0 Polyphagous 
three or 
more 
DeVries 1997 and 
LAK 
NS0176 Synargis calyce 1 Formicinae 1 1 0 0 1 0 Polyphagous 
three or 
more 
DeVries 1997 and 
LAK 
NS0231 Synargis dirca 1 Formicinae 1 1 0 0 1 0 Polyphagous 
three or 
more 
DeVries 1997 and 
LAK 
NS0383 Synargis regulus 1 Formicinae 1 1 0 0 1 0 Polyphagous 
three or 
more 
DeVries 1997 and 
LAK 
NS0473 Synargis paulistina 1 Formicinae 1 1 0 0 1 0 Polyphagous 
three or 
more 
DeVries 1997 and 
LAK 
NS0484 Synargis abaris 1 Formicinae 1 1 0 0 1 0 Polyphagous 
three or 
more 
DeVries 1997 and 
LAK 
NS0493 Synargis orestessa 1 Formicinae 1 1 0 0 1 0 Polyphagous 
three or 
more 
DeVries 1997 and 
LAK 
NS0463 Syrmatia nyx ? ? ? ? ? ? ? ? Lilyaceae one DeVries 1997 
NW148_12 Takashia nana ? ? ? ? ? ? ? ? ? ? ? 
NS0140 Themone pais ? ? ? ? ? ? ? ? ? ? ? 
NS0279 Themone pais ? ? ? ? ? ? ? ? ? ? ? 
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NS0336 Themone pais ? ? ? ? ? ? ? ? ? ? ? 
NS0004 Theope sp 1 
Dolichoderina
e 1 1 0 0 0 1 Polyphagous 
three or 
more Kaminski et al. 2013 
NS0039 Theope terambus 1 
Dolichoderina
e 1 1 0 0 0 1 Polyphagous 
three or 
more Kaminski et al. 2013 
NS0082 Theope sp 1 
Dolichoderina
e 1 1 0 0 0 1 Polyphagous 
three or 
more Kaminski et al. 2013 
NS0083 Theope sp 1 
Dolichoderina
e 1 1 0 0 0 1 Polyphagous 
three or 
more Kaminski et al. 2013 
NS0100 Theope leucanthe 1 
Dolichoderina
e 1 1 0 0 0 1 Polyphagous 
three or 
more Kaminski et al. 2013 
NS0300 Theope nycteis 1 
Dolichoderina
e 1 1 0 0 0 1 Polyphagous 
three or 
more Kaminski et al. 2013 
NS0394 Theope decorata 1 Facultative 1 1 0 0 0 1 Lauraceae one Kaminski et al. 2013 
NS0396 Theope thestias 1 Facultative 1 1 0 0 0 1 Lauraceae one Kaminski et al. 2013 
NS0397 Theope sp 1 
Dolichoderina
e 1 1 0 0 0 1 Polyphagous 
three or 
more Kaminski et al. 2013 
NS0081 Thisbe silvestre 1 Facultative 1 1 0 0 1 0 Euphorbiaceae one LAK 
PDV_94_T01
3 Uraneis hyalina ? ? 1 1 0 0 1 0 Loranthaceae one DeVries 1997 
NS0375 Voltinia cebrenia ? ? ? ? ? ? ? ? Bromeliaceae one Hall 2005 
NS0377 Voltinia agroeca ? ? ? ? ? ? ? ? ? ? ? 
NS0508 Voltinia phryxe ? ? ? ? ? ? ? ? ? ? ? 
NS0106 Zabuella castanea ? ? ? ? ? ? ? ? ? ? ? 
NS0372 Zabuella tenellus ? ? ? ? ? ? ? ? ? ? ? 
NS0138 Zelotaea phasma ? ? ? ? ? ? ? ? ? ? ? 
JM4_12 Zemeros flegyas 0 Absent 0 0 0 0 0 0 ? ? Harvey 1987 
              Full reference for sources can be found in the manuscript. LAK means novel information by 
Kaminski, LA 
        	
FM 50 Abisara rutherfordi
JM4 12 Zemeros sp
NN77 Styx infernalis
NW84 13 Hamearis lucina
NW148 12 Takashia nana
06 srnp 33176 Euselasia chrysippe
NS0234 Euselasia eusepus
NS0156 Euselasia 
NS0102 Euselasia mys
NS0228 Euselasia eustola
NS0445 Euselasia hygenius
NS0202 Euselasia erilis
NS0227 Euselasia euromus
NS0250 Euselasia uria
NS0263 Euselasia opalescens
NS0238 Euselasia gordios
NS0448 Euselasia eucerus
NS0070 Euselasia thucydides
NS0153 Euselasia eugeon
NS0155 Euselasia 
NS0203 Euselasia attrita
NW85 9 Amarynthis meneria
NS0235 Amarynthis meneria
NS0248 Ithomeis aurantiaca
NS0334 Ancyluris aulestes
NS0467 Ancyluris tedea
NS0409 Lyropteryx therpsichore
NS0076 Nirodia belphegor
NS0506 Rhetus 
NS0288 Rhetus periander
NS0316 Chorinea amazon
NS0371 Chorinea licursis
NS0120 Panara phereclus
NS0253 Panara phereclus
NS0365 Panara soana
NS0140 Themone pais
NS0336 Themone pais
NS0279 Themone pais
NS0477 Siseme aristoteles
NS0507 Monethe alphonsus
NS0432 Isapsis argyrtus
NS0108 Melanis aegates
NS0160 Melanis electron
NS0101 Melanis smithiae
NS0303 Notheme erota
NS0460 Riodina lysippoides
NS0440 Riodina lysippus
NS0110 Riodina lysisca
NS0381 Chalodeta chelonis
NS0286 Chalodeta theodora
NW85 10 Crocozona coecias
NS0195 Crocozona coecias
NS0111 Calephelis inca
NS0214 Charis anius
NS0512 Charis cadytis
NS0513 Charis cadytis
NS0415 Detritivora 
NS0018 Detritivora sp1
NS0237 detritivora argyrea
NS0015 Lasaia agesilas
NS0074 Parcella amarynthina
NS0008 Pheles atricolor
NS0398 Pheles heliconides
NS0463 Syrmatia nyx
NS0038 Baeotis cf johannae
NS0117 Baeotis hisbon
NS0072 Baeotis melanis
NS0417 Dachetola azora
NS0247 Cartea ucayala
NS0340 Cartea vitula
NS0013 Metacharis lucius
NS0233 Metacharis lucius
NS0364 Metacharis ptolomaeus
NS0483 Metacharis nigrella
NS0254 Metacharis regalis
NS0492 Caria trochilus
NS0327 Caria marsyas
NS0326 Caria plutargus
NS0370 Barbicornis basilis
NS0291 Chamaelimnas doryphora
NS0229 Chamaelimnas urbana
FS ae 13 Apodemia mormo
NS0245 Emesis cerea
NS0321 Emesis cerea
NS0331 Emesis neemias
NS0325 Emesis ocypore
NS0324 Emesis diogenia
NS0012 Emesis lucinda
NS0259 Emesis lucinda
PDV 94 T022 Emesis nr mandana
NS0453 Emesis lucinda
NS0104 Emesis guttata
NS0481 Mesenopsis jordana
NS0503 Symmachia accusatrix
NS0504 Symmachia 
NS0511 Symmachia 
NS0105 Stichelia bocchoris
NS0401 Symmachia praxila
NS0308 Mesene croceella
NS0278 Mesene leucophrys
NS0501 Panaropsis 
NS0061 Pirascca sagaris
NS0495 Phaenochitonia cingulus
NS0298 Phaenochitonia fuliginea
NS0046 Argyrogrammana caesarion caesarion
NS0509 Argyrogrammana 
NS0386 Anteros formosus
NS0035 Anteros lectabilis
NS0347 Helicopis cupido
NS0346 Helicopis gnidus
NS0141 Sarota 
NS0213 Sarota 
NS0337 Sarota 
NS0360 Sarota 
NS0185 Calydna catana
NS0361 Calydna cea
NS0356 Calydna morio
NS0258 Calydna thersander
NS0192 Echydna chaseba
NS0239 Echydna punctata
NS0290 Echenais thelephus
PDV 94 T013 Uraneis hyalina
NS0484 Synargis abaris
NS0493 Synargis orestessa
NS0176 Synargis calyce
NS0146 Synargis galena
NS0050 Synargis ethelinda
NS0040 Synargis axenus
NS0383 Synargis regulus
NS0231 Synargis dirca
NS0473 Synargis paulistina
NS0424 Adelotypa penthea
NS0116 Ariconias glaphyra
NS0075 Aricoris aurinia
NS0044 Aricoris campestris 
NS0124 Aricoris propitia
NS0320 Aricoris signata
NS0096 Aricoris sp1
NS0041 Aricoris caracensis
NS0043 Aricoris epulus sp1
NS0093 Lemonias stalachtioides
NS0033 Lemonias zygia
NS0081 Thisbe spn
NS0318 Juditha azan
NS0098 Juditha molpe
NS0281 Juditha molpe
NS0276 Juditha pulcherrima
NS0103 Menander menander
NS0271 Adelotypa asemna
NS0020 Adelotypa leucophaea
NS0127 Adelotypa epixante
NS0429 Adelotypa aristus
NS0091 Adelotypa huebneri
NS0388 Adelotypa bolena
NS0137 Calospila rhesa
NS0510 Calospila 
NS0181 Setabis 
NS0488 Setabis epitus
NS0485 Rodinia calphucnia
NS0462 Pandemus pasiphae
NS0138 Zelotaea phasma
NS0014 Calospila emylius
NS0232 Calospila emylius
NS0092 Calospila lucianus
NS0052 Catocyclotes aemulius
NS0380 Mycastor leucarpis
NS0379 Mycastor leucarpis
NS0359 Nymphidium acherois
NS0210 Nymphidium leucosia
NS0205 Nymphidium ascolia
NS0208 Nymphidium ascolia
NS0209 Nymphidium ascolia
NS0431 Nymphidium chione
NS0027 Nymphidium caricae
NS0283 Nymphidium caricae
NS0296 Nymphidium lisimon
NS0026 Nymphidium sp2
NS0358 Nymphidium cf olinda
NS0218 Nymphidium mantus
NS0144 Nymphidium azanoides
NS0017 Nymphidium baeotia
NS0219 Nymphidium baeotia
NS0030 Nymphidium baeotia
NS0282 Nymphidium fulminans
NS0497 Protonymphidia senta
NS0420 Stalachtis calliope
BLU164 Stalachtis calliope
BLU166 Stalachtis euterpe
BLU170 Stalachtis phlegia
NS0362 Roeberella 
NS0456 Pseudotinea sp nova
NS0457 Pseudotinea sp nova
NS0004 Theope 
NS0082 Theope 
NS0083 Theope 
NS0397 Theope 
NS0100 Theope cf leucanthe
NS0394 Theope decorata
NS0396 Theope thestias
NS0300 Theope nycteis
NS0039 Theope terambus
NS0106 Apodemia castanea
NS0372 Zabuella tenellus
NS0115 Harveyope tinea
NS0107 Halonympha paucipuncta
NS0119 Alesa amesis
NS0351 Alesa 
NS0159 Alesa amesis
NS0251 Alesa 
NS0243 Eurybia albiseriata
NS0150 Eurybia halimede
NS0261 Eurybia patrona
NS0363 Eurybia pergaea
NS0242 Eurybia nicaeus
NS0090 Eurybia rubeolata
NS0257 Eurybia molochina
NS0332 Eunogyra curupira
NS0345 Hyphilaria nicia
NS0344 Hyphilaria parthenis
NS0079 Hyphilaria thasus
NS0313 Hyphilaria thasus
NS0047 Ionotus alector
NS0435 Napaea heteroea
NS0378 Ithomiola nepos
NS0377 Voltinia agroeca
NS0375 Voltinia cebrenia
NS0508 Voltinia 
NS0058 Leucochimona icare
NS0480 Leucochimona lagora
NS0191 Mesophthalma idotea
NS0162 Mesosemia sirenia
NS0179 Mesosemia 
NS0182 Mesosemia 
NS0274 Mesosemia nyctea
NS0272 Mesosemia sifia
NS0086 Mesosemia cf mayi
NS0280 Mesosemia amaranthus
NS0225 Semomesia croesus
NS0142 Semomesia marisa
NS0256 Mesosemia 
NS0016 Mesosemia 
NS0053 Mesosemia rhodia
05 srnp 48598 Mesosemia lamachus
NS0366 Mesosemia meivania
NS0348 Perophthalma tullius
NS0087 Mesosemia acuta
NS0505 Mesosemia acuta
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FM 50 Abisara rutherfordi
JM4 12 Zemeros sp
NN77 Styx infernalis
NW84 13 Hamearis lucina
NW148 12 Takashia nana
06 srnp 33176 Euselasia chrysippe
NS0234 Euselasia eusepus
NS0156 Euselasia 
NS0102 Euselasia mys
NS0228 Euselasia eustola
NS0445 Euselasia hygenius
NS0202 Euselasia erilis
NS0227 Euselasia euromus
NS0250 Euselasia uria
NS0263 Euselasia opalescens
NS0238 Euselasia gordios
NS0448 Euselasia eucerus
NS0070 Euselasia thucydides
NS0153 Euselasia eugeon
NS0155 Euselasia 
NS0203 Euselasia attrita
NW85 9 Amarynthis meneria
NS0235 Amarynthis meneria
NS0248 Ithomeis aurantiaca
NS0334 Ancyluris aulestes
NS0467 Ancyluris tedea
NS0409 Lyropteryx therpsichore
NS0076 Nirodia belphegor
NS0506 Rhetus 
NS0288 Rhetus periander
NS0316 Chorinea amazon
NS0371 Chorinea licursis
NS0120 Panara phereclus
NS0253 Panara phereclus
NS0365 Panara soana
NS0140 Themone pais
NS0336 Themone pais
NS0279 Themone pais
NS0477 Siseme aristoteles
NS0507 Monethe alphonsus
NS0432 Isapsis argyrtus
NS0108 Melanis aegates
NS0160 Melanis electron
NS0101 Melanis smithiae
NS0303 Notheme erota
NS0460 Riodina lysippoides
NS0440 Riodina lysippus
NS0110 Riodina lysisca
NS0381 Chalodeta chelonis
NS0286 Chalodeta theodora
NW85 10 Crocozona coecias
NS0195 Crocozona coecias
NS0111 Calephelis inca
NS0214 Charis anius
NS0512 Charis cadytis
NS0513 Charis cadytis
NS0415 Detritivora 
NS0018 Detritivora sp1
NS0237 Detritivora argyrea
NS0015 Lasaia agesilas
NS0074 Parcella amarynthina
NS0008 Pheles atricolor
NS0398 Pheles heliconides
NS0463 Syrmatia nyx
NS0038 Baeotis cf johannae
NS0117 Baeotis hisbon
NS0072 Baeotis melanis
NS0417 Dachetola azora
NS0247 Cartea ucayala
NS0340 Cartea vitula
NS0013 Metacharis lucius
NS0233 Metacharis lucius
NS0364 Metacharis ptolomaeus
NS0483 Metacharis nigrella
NS0254 Metacharis regalis
NS0492 Caria trochilus
NS0327 Caria marsyas
NS0326 Caria plutargus
NS0370 Barbicornis basilis
NS0291 Chamaelimnas doryphora
NS0229 Chamaelimnas urbana
FS ae 13 Apodemia mormo
NS0245 Emesis cerea
NS0321 Emesis cerea
NS0331 Emesis neemias
NS0325 Emesis ocypore
NS0324 Emesis diogenia
NS0012 Emesis lucinda
NS0259 Emesis lucinda
PDV 94 T022 Emesis nr mandana
NS0453 Emesis lucinda
NS0104 Emesis guttata
NS0481 Mesenopsis jordana
NS0503 Symmachia accusatrix
NS0504 Symmachia 
NS0511 Symmachia 
NS0105 Stichelia bocchoris
NS0401 Symmachia praxila
NS0308 Mesene croceella
NS0278 Mesene leucophrys
NS0501 Panaropsis 
NS0061 Pirascca sagaris
NS0495 Phaenochitonia cingulus
NS0298 Phaenochitonia fuliginea
NS0046 Argyrogrammana caesarion caesarion
NS0509 Argyrogrammana 
NS0386 Anteros formosus
NS0035 Anteros lectabilis
NS0347 Helicopis cupido
NS0346 Helicopis gnidus
NS0141 Sarota 
NS0213 Sarota 
NS0337 Sarota 
NS0360 Sarota 
NS0185 Calydna catana
NS0361 Calydna cea
NS0356 Calydna morio
NS0258 Calydna thersander
NS0192 Echydna chaseba
NS0239 Echydna punctata
NS0290 Echenais thelephus
PDV 94 T013 Uraneis hyalina
NS0484 Synargis abaris
NS0493 Synargis orestessa
NS0176 Synargis calyce
NS0146 Synargis galena
NS0050 Synargis ethelinda
NS0040 Synargis axenus
NS0383 Synargis regulus
NS0231 Synargis dirca
NS0473 Synargis paulistina
NS0424 Adelotypa penthea
NS0116 Ariconias glaphyra
NS0075 Aricoris aurinia
NS0044 Aricoris campestris 
NS0124 Aricoris propitia
NS0320 Aricoris signata
NS0096 Aricoris sp1
NS0041 Aricoris caracensis
NS0043 Aricoris epulus sp1
NS0093 Lemonias stalachtioides
NS0033 Lemonias zygia
NS0081 Thisbe spn
NS0318 Juditha azan
NS0098 Juditha molpe
NS0281 Juditha molpe
NS0276 Juditha pulcherrima
NS0103 Menander menander
NS0271 Adelotypa asemna
NS0020 Adelotypa leucophaea
NS0127 Adelotypa epixante
NS0429 Adelotypa aristus
NS0091 Adelotypa huebneri
NS0388 Adelotypa bolena
NS0137 Calospila rhesa
NS0510 Calospila 
NS0181 Setabis 
NS0488 Setabis epitus
NS0485 Rodinia calphucnia
NS0462 Pandemus pasiphae
NS0138 Zelotaea phasma
NS0014 Calospila emylius
NS0232 Calospila emylius
NS0092 Calospila lucianus
NS0052 Catocyclotes aemulius
NS0380 Mycastor leucarpis
NS0379 Mycastor leucarpis
NS0359 Nymphidium acherois
NS0210 Nymphidium leucosia
NS0205 Nymphidium ascolia
NS0208 Nymphidium ascolia
NS0209 Nymphidium ascolia
NS0431 Nymphidium chione
NS0027 Nymphidium caricae
NS0283 Nymphidium caricae
NS0296 Nymphidium lisimon
NS0026 Nymphidium sp2
NS0358 Nymphidium cf olinda
NS0218 Nymphidium mantus
NS0144 Nymphidium azanoides
NS0017 Nymphidium baeotia
NS0219 Nymphidium baeotia
NS0030 Nymphidium baeotia
NS0282 Nymphidium fulminans
NS0497 Protonymphidia senta
NS0420 Stalachtis calliope
BLU164 Stalachtis calliope
BLU166 Stalachtis euterpe
BLU170 Stalachtis phlegia
NS0362 Roeberella 
NS0456 Pseudotinea sp nova
NS0457 Pseudotinea sp nova
NS0004 Theope 
NS0082 Theope 
NS0083 Theope 
NS0397 Theope 
NS0100 Theope cf leucanthe
NS0394 Theope decorata
NS0396 Theope thestias
NS0300 Theope nycteis
NS0039 Theope terambus
NS0106 Zabuella castanea
NS0372 Zabuella tenellus
NS0115 Harveyope tinea
NS0107 Halonympha paucipuncta
NS0119 Alesa amesis
NS0351 Alesa 
NS0159 Alesa amesis
NS0251 Alesa 
NS0243 Eurybia albiseriata
NS0150 Eurybia halimede
NS0261 Eurybia patrona
NS0363 Eurybia pergaea
NS0242 Eurybia nicaeus
NS0090 Eurybia rubeolata
NS0257 Eurybia molochina
NS0332 Eunogyra curupira
NS0345 Hyphilaria nicia
NS0344 Hyphilaria parthenis
NS0079 Hyphilaria thasus
NS0313 Hyphilaria thasus
NS0047 Ionotus alector
NS0435 Napaea heteroea
NS0378 Ithomiola nepos
NS0377 Voltinia agroeca
NS0375 Voltinia cebrenia
NS0508 Voltinia 
NS0058 Leucochimona icare
NS0480 Leucochimona lagora
NS0191 Mesophthalma idotea
NS0162 Mesosemia sirenia
NS0179 Mesosemia 
NS0182 Mesosemia 
NS0274 Mesosemia nyctea
NS0272 Mesosemia sifia
NS0086 Mesosemia cf mayi
NS0280 Mesosemia amaranthus
NS0225 Semomesia croesus
NS0142 Semomesia marisa
NS0256 Mesosemia 
NS0016 Mesosemia 
NS0053 Mesosemia rhodia
05 srnp 48598 Mesosemia lamachus
NS0366 Mesosemia meivania
NS0348 Perophthalma tullius
NS0087 Mesosemia acuta
NS0505 Mesosemia acuta
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FM 50 Abisara rutherfordi
JM4 12 Zemeros sp
NN77 Styx infernalis
NW84 13 Hamearis lucina
NW148 12 Takashia nana
06 srnp 33176 Euselasia chrysippe
NS0234 Euselasia eusepus
NS0156 Euselasia 
NS0102 Euselasia mys
NS0228 Euselasia eustola
NS0445 Euselasia hygenius
NS0202 Euselasia erilis
NS0227 Euselasia euromus
NS0250 Euselasia uria
NS0263 Euselasia opalescens
NS0238 Euselasia gordios
NS0448 Euselasia eucerus
NS0070 Euselasia thucydides
NS0153 Euselasia eugeon
NS0155 Euselasia 
NS0203 Euselasia attrita
NW85 9 Amarynthis meneria
NS0235 Amarynthis meneria
NS0248 Ithomeis aurantiaca
NS0334 Ancyluris aulestes
NS0467 Ancyluris tedea
NS0409 Lyropteryx therpsichore
NS0076 Nirodia belphegor
NS0506 Rhetus 
NS0288 Rhetus periander
NS0316 Chorinea amazon
NS0371 Chorinea licursis
NS0120 Panara phereclus
NS0253 Panara phereclus
NS0365 Panara soana
NS0140 Themone pais
NS0336 Themone pais
NS0279 Themone pais
NS0477 Siseme aristoteles
NS0507 Monethe alphonsus
NS0432 Isapsis argyrtus
NS0108 Melanis aegates
NS0160 Melanis electron
NS0101 Melanis smithiae
NS0303 Notheme erota
NS0460 Riodina lysippoides
NS0440 Riodina lysippus
NS0110 Riodina lysisca
NS0381 Chalodeta chelonis
NS0286 Chalodeta theodora
NW85 10 Crocozona coecias
NS0195 Crocozona coecias
NS0111 Calephelis inca
NS0214 Charis anius
NS0512 Charis cadytis
NS0513 Charis cadytis
NS0415 Detritivora 
NS0018 Detritivora sp1
NS0237 Detritivora argyrea
NS0015 Lasaia agesilas
NS0074 Parcella amarynthina
NS0008 Pheles atricolor
NS0398 Pheles heliconides
NS0463 Syrmatia nyx
NS0038 Baeotis cf johannae
NS0117 Baeotis hisbon
NS0072 Baeotis melanis
NS0417 Dachetola azora
NS0247 Cartea ucayala
NS0340 Cartea vitula
NS0013 Metacharis lucius
NS0233 Metacharis lucius
NS0364 Metacharis ptolomaeus
NS0483 Metacharis nigrella
NS0254 Metacharis regalis
NS0492 Caria trochilus
NS0327 Caria marsyas
NS0326 Caria plutargus
NS0370 Barbicornis basilis
NS0291 Chamaelimnas doryphora
NS0229 Chamaelimnas urbana
FS ae 13 Apodemia mormo
NS0245 Emesis cerea
NS0321 Emesis cerea
NS0331 Emesis neemias
NS0325 Emesis ocypore
NS0324 Emesis diogenia
NS0012 Emesis lucinda
NS0259 Emesis lucinda
PDV 94 T022 Emesis nr mandana
NS0453 Emesis lucinda
NS0104 Emesis guttata
NS0481 Mesenopsis jordana
NS0503 Symmachia accusatrix
NS0504 Symmachia 
NS0511 Symmachia 
NS0105 Stichelia bocchoris
NS0401 Symmachia praxila
NS0308 Mesene croceella
NS0278 Mesene leucophrys
NS0501 Panaropsis 
NS0061 Pirascca sagaris
NS0495 Phaenochitonia cingulus
NS0298 Phaenochitonia fuliginea
NS0046 Argyrogrammana caesarion caesarion
NS0509 Argyrogrammana 
NS0386 Anteros formosus
NS0035 Anteros lectabilis
NS0347 Helicopis cupido
NS0346 Helicopis gnidus
NS0141 Sarota 
NS0213 Sarota 
NS0337 Sarota 
NS0360 Sarota 
NS0185 Calydna catana
NS0361 Calydna cea
NS0356 Calydna morio
NS0258 Calydna thersander
NS0192 Echydna chaseba
NS0239 Echydna punctata
NS0290 Echenais thelephus
PDV 94 T013 Uraneis hyalina
NS0484 Synargis abaris
NS0493 Synargis orestessa
NS0176 Synargis calyce
NS0146 Synargis galena
NS0050 Synargis ethelinda
NS0040 Synargis axenus
NS0383 Synargis regulus
NS0231 Synargis dirca
NS0473 Synargis paulistina
NS0424 Adelotypa penthea
NS0116 Ariconias glaphyra
NS0075 Aricoris aurinia
NS0044 Aricoris campestris 
NS0124 Aricoris propitia
NS0320 Aricoris signata
NS0096 Aricoris sp1
NS0041 Aricoris caracensis
NS0043 Aricoris epulus sp1
NS0093 Lemonias stalachtioides
NS0033 Lemonias zygia
NS0081 Thisbe spn
NS0318 Juditha azan
NS0098 Juditha molpe
NS0281 Juditha molpe
NS0276 Juditha pulcherrima
NS0103 Menander menander
NS0271 Adelotypa asemna
NS0020 Adelotypa leucophaea
NS0127 Adelotypa epixante
NS0429 Adelotypa aristus
NS0091 Adelotypa huebneri
NS0388 Adelotypa bolena
NS0137 Calospila rhesa
NS0510 Calospila 
NS0181 Setabis 
NS0488 Setabis epitus
NS0485 Rodinia calphucnia
NS0462 Pandemus pasiphae
NS0138 Zelotaea phasma
NS0014 Calospila emylius
NS0232 Calospila emylius
NS0092 Calospila lucianus
NS0052 Catocyclotes aemulius
NS0380 Mycastor leucarpis
NS0379 Mycastor leucarpis
NS0359 Nymphidium acherois
NS0210 Nymphidium leucosia
NS0205 Nymphidium ascolia
NS0208 Nymphidium ascolia
NS0209 Nymphidium ascolia
NS0431 Nymphidium chione
NS0027 Nymphidium caricae
NS0283 Nymphidium caricae
NS0296 Nymphidium lisimon
NS0026 Nymphidium sp2
NS0358 Nymphidium cf olinda
NS0218 Nymphidium mantus
NS0144 Nymphidium azanoides
NS0017 Nymphidium baeotia
NS0219 Nymphidium baeotia
NS0030 Nymphidium baeotia
NS0282 Nymphidium fulminans
NS0497 Protonymphidia senta
NS0420 Stalachtis calliope
BLU164 Stalachtis calliope
BLU166 Stalachtis euterpe
BLU170 Stalachtis phlegia
NS0362 Roeberella 
NS0456 Pseudotinea sp nova
NS0457 Pseudotinea sp nova
NS0004 Theope 
NS0082 Theope 
NS0083 Theope 
NS0397 Theope 
NS0100 Theope cf leucanthe
NS0394 Theope decorata
NS0396 Theope thestias
NS0300 Theope nycteis
NS0039 Theope terambus
NS0106 Zabuelaa castanea
NS0372 Zabuella tenellus
NS0115 Harveyop tinea
NS0107 Halonympha paucipuncta
NS0119 Alesa amesis
NS0351 Alesa 
NS0159 Alesa amesis
NS0251 Alesa 
NS0243 Eurybia albiseriata
NS0150 Eurybia halimede
NS0261 Eurybia patrona
NS0363 Eurybia pergaea
NS0242 Eurybia nicaeus
NS0090 Eurybia rubeolata
NS0257 Eurybia molochina
NS0332 Eunogyra curupira
NS0345 Hyphilaria nicia
NS0344 Hyphilaria parthenis
NS0079 Hyphilaria thasus
NS0313 Hyphilaria thasus
NS0047 Ionotus alector
NS0435 Napaea heteroea
NS0378 Ithomiola nepos
NS0377 Voltinia agroeca
NS0375 Voltinia cebrenia
NS0508 Voltinia 
NS0058 Leucochimona icare
NS0480 Leucochimona lagora
NS0191 Mesophthalma idotea
NS0162 Mesosemia sirenia
NS0179 Mesosemia 
NS0182 Mesosemia 
NS0274 Mesosemia nyctea
NS0272 Mesosemia sifia
NS0086 Mesosemia cf mayi
NS0280 Mesosemia amaranthus
NS0225 Semomesia croesus
NS0142 Semomesia marisa
NS0256 Mesosemia 
NS0016 Mesosemia 
NS0053 Mesosemia rhodia
05 srnp 48598 Mesosemia lamachus
NS0366 Mesosemia meivania
NS0348 Perophthalma tullius
NS0087 Mesosemia acuta
NS0505 Mesosemia acuta
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FM 50 Abisara rutherfordi
JM4 12 Zemeros sp
NN77 Styx infernalis
NW84 13 Hamearis lucina
NW148 12 Takashia nana
06 srnp 33176 Euselasia chrysippe
NS0234 Euselasia eusepus
NS0156 Euselasia 
NS0102 Euselasia mys
NS0228 Euselasia eustola
NS0445 Euselasia hygenius
NS0202 Euselasia erilis
NS0227 Euselasia euromus
NS0250 Euselasia uria
NS0263 Euselasia opalescens
NS0238 Euselasia gordios
NS0448 Euselasia eucerus
NS0070 Euselasia thucydides
NS0153 Euselasia eugeon
NS0155 Euselasia 
NS0203 Euselasia attrita
NW85 9 Amarynthis meneria
NS0235 Amarynthis meneria
NS0248 Ithomeis aurantiaca
NS0334 Ancyluris aulestes
NS0467 Ancyluris tedea
NS0409 Lyropteryx therpsichore
NS0076 Nirodia belphegor
NS0506 Rhetus 
NS0288 Rhetus periander
NS0316 Chorinea amazon
NS0371 Chorinea licursis
NS0120 Panara phereclus
NS0253 Panara phereclus
NS0365 Panara soana
NS0140 Themone pais
NS0336 Themone pais
NS0279 Themone pais
NS0477 Siseme aristoteles
NS0507 Monethe alphonsus
NS0432 Isapsis argyrtus
NS0108 Melanis aegates
NS0160 Melanis electron
NS0101 Melanis smithiae
NS0303 Notheme erota
NS0460 Riodina lysippoides
NS0440 Riodina lysippus
NS0110 Riodina lysisca
NS0381 Chalodeta chelonis
NS0286 Chalodeta theodora
NW85 10 Crocozona coecias
NS0195 Crocozona coecias
NS0111 Calephelis inca
NS0214 Charis anius
NS0512 Charis cadytis
NS0513 Charis cadytis
NS0415 Detritivora 
NS0018 Detritivora sp1
NS0237 Detritivora argyrea 
NS0015 Lasaia agesilas
NS0074 Parcella amarynthina
NS0008 Pheles atricolor
NS0398 Pheles heliconides
NS0463 Syrmatia nyx
NS0038 Baeotis cf johannae
NS0117 Baeotis hisbon
NS0072 Baeotis melanis
NS0417 Dachetola azora
NS0247 Cartea ucayala
NS0340 Cartea vitula
NS0013 Metacharis lucius
NS0233 Metacharis lucius
NS0364 Metacharis ptolomaeus
NS0483 Metacharis nigrella
NS0254 Metacharis regalis
NS0492 Caria trochilus
NS0327 Caria marsyas
NS0326 Caria plutargus
NS0370 Barbicornis basilis
NS0291 Chamaelimnas doryphora
NS0229 Chamaelimnas urbana
FS ae 13 Apodemia mormo
NS0245 Emesis cerea
NS0321 Emesis cerea
NS0331 Emesis neemias
NS0325 Emesis ocypore
NS0324 Emesis diogenia
NS0012 Emesis lucinda
NS0259 Emesis lucinda
PDV 94 T022 Emesis nr mandana
NS0453 Emesis lucinda
NS0104 Emesis guttata
NS0481 Mesenopsis jordana
NS0503 Symmachia accusatrix
NS0504 Symmachia 
NS0511 Symmachia 
NS0105 Stichelia bocchoris
NS0401 Symmachia praxila
NS0308 Mesene croceella
NS0278 Mesene leucophrys
NS0501 Panaropsis 
NS0061 Pirascca sagaris
NS0495 Phaenochitonia cingulus
NS0298 Phaenochitonia fuliginea
NS0046 Argyrogrammana caesarion caesarion
NS0509 Argyrogrammana 
NS0386 Anteros formosus
NS0035 Anteros lectabilis
NS0347 Helicopis cupido
NS0346 Helicopis gnidus
NS0141 Sarota 
NS0213 Sarota 
NS0337 Sarota 
NS0360 Sarota 
NS0185 Calydna catana
NS0361 Calydna cea
NS0356 Calydna morio
NS0258 Calydna thersander
NS0192 Echydna chaseba
NS0239 Echydna punctata
NS0290 Echenais thelephus
PDV 94 T013 Uraneis hyalina
NS0484 Synargis abaris
NS0493 Synargis orestessa
NS0176 Synargis calyce
NS0146 Synargis galena
NS0050 Synargis ethelinda
NS0040 Synargis axenus
NS0383 Synargis regulus
NS0231 Synargis dirca
NS0473 Synargis paulistina
NS0424 Adelotypa penthea
NS0116 Ariconias glaphyra
NS0075 Aricoris aurinia
NS0044 Aricoris campestris 
NS0124 Aricoris propitia
NS0320 Aricoris signata
NS0096 Aricoris sp1
NS0041 Aricoris caracensis
NS0043 Aricoris epulus sp1
NS0093 Lemonias stalachtioides
NS0033 Lemonias zygia
NS0081 Thisbe spn
NS0318 Juditha azan
NS0098 Juditha molpe
NS0281 Juditha molpe
NS0276 Juditha pulcherrima
NS0103 Menander menander
NS0271 Adelotypa asemna
NS0020 Adelotypa leucophaea
NS0127 Adelotypa epixante
NS0429 Adelotypa aristus
NS0091 Adelotypa huebneri
NS0388 Adelotypa bolena
NS0137 Calospila rhesa
NS0510 Calospila 
NS0181 Setabis 
NS0488 Setabis epitus
NS0485 Rodinia calphucnia
NS0462 Pandemus pasiphae
NS0138 Zelotaea phasma
NS0014 Calospila emylius
NS0232 Calospila emylius
NS0092 Calospila lucianus
NS0052 Catocyclotes aemulius
NS0380 Mycastor leucarpis
NS0379 Mycastor leucarpis
NS0359 Nymphidium acherois
NS0210 Nymphidium leucosia
NS0205 Nymphidium ascolia
NS0208 Nymphidium ascolia
NS0209 Nymphidium ascolia
NS0431 Nymphidium chione
NS0027 Nymphidium caricae
NS0283 Nymphidium caricae
NS0296 Nymphidium lisimon
NS0026 Nymphidium sp2
NS0358 Nymphidium cf olinda
NS0218 Nymphidium mantus
NS0144 Nymphidium azanoides
NS0017 Nymphidium baeotia
NS0219 Nymphidium baeotia
NS0030 Nymphidium baeotia
NS0282 Nymphidium fulminans
NS0497 Protonymphidia senta
NS0420 Stalachtis calliope
BLU164 Stalachtis calliope
BLU166 Stalachtis euterpe
BLU170 Stalachtis phlegia
NS0362 Roeberella 
NS0456 Pseudotinea sp nova
NS0457 Pseudotinea sp nova
NS0004 Theope 
NS0082 Theope 
NS0083 Theope 
NS0397 Theope 
NS0100 Theope cf leucanthe
NS0394 Theope decorata
NS0396 Theope thestias
NS0300 Theope nycteis
NS0039 Theope terambus
NS0106 Zabuella castanea
NS0372 Zabuella tenellus
NS0115 Harveyope tinea
NS0107 Halonympha paucipuncta
NS0119 Alesa amesis
NS0351 Alesa 
NS0159 Alesa amesis
NS0251 Alesa 
NS0243 Eurybia albiseriata
NS0150 Eurybia halimede
NS0261 Eurybia patrona
NS0363 Eurybia pergaea
NS0242 Eurybia nicaeus
NS0090 Eurybia rubeolata
NS0257 Eurybia molochina
NS0332 Eunogyra curupira
NS0345 Hyphilaria nicia
NS0344 Hyphilaria parthenis
NS0079 Hyphilaria thasus
NS0313 Hyphilaria thasus
NS0047 Ionotus alector
NS0435 Napaea heteroea
NS0378 Ithomiola nepos
NS0377 Voltinia agroeca
NS0375 Voltinia cebrenia
NS0508 Voltinia 
NS0058 Leucochimona icare
NS0480 Leucochimona lagora
NS0191 Mesophthalma idotea
NS0162 Mesosemia sirenia
NS0179 Mesosemia 
NS0182 Mesosemia 
NS0274 Mesosemia nyctea
NS0272 Mesosemia sifia
NS0086 Mesosemia cf mayi
NS0280 Mesosemia amaranthus
NS0225 Semomesia croesus
NS0142 Semomesia marisa
NS0256 Mesosemia 
NS0016 Mesosemia 
NS0053 Mesosemia rhodia
05 srnp 48598 Mesosemia lamachus
NS0366 Mesosemia meivania
NS0348 Perophthalma tullius
NS0087 Mesosemia acuta
NS0505 Mesosemia acuta
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FM 50 Abisara rutherfordi
JM4 12 Zemeros sp
NN77 Styx infernalis
NW84 13 Hamearis lucina
NW148 12 Takashia nana
06 srnp 33176 Euselasia chrysippe
NS0234 Euselasia eusepus
NS0156 Euselasia 
NS0102 Euselasia mys
NS0228 Euselasia eustola
NS0445 Euselasia hygenius
NS0202 Euselasia erilis
NS0227 Euselasia euromus
NS0250 Euselasia uria
NS0263 Euselasia opalescens
NS0238 Euselasia gordios
NS0448 Euselasia eucerus
NS0070 Euselasia thucydides
NS0153 Euselasia eugeon
NS0155 Euselasia 
NS0203 Euselasia attrita
NW85 9 Amarynthis meneria
NS0235 Amarynthis meneria
NS0248 Ithomeis aurantiaca
NS0334 Ancyluris aulestes
NS0467 Ancyluris tedea
NS0409 Lyropteryx therpsichore
NS0076 Nirodia belphegor
NS0506 Rhetus 
NS0288 Rhetus periander
NS0316 Chorinea amazon
NS0371 Chorinea licursis
NS0120 Panara phereclus
NS0253 Panara phereclus
NS0365 Panara soana
NS0140 Themone pais
NS0336 Themone pais
NS0279 Themone pais
NS0477 Siseme aristoteles
NS0507 Monethe alphonsus
NS0432 Isapsis argyrtus
NS0108 Melanis aegates
NS0160 Melanis electron
NS0101 Melanis smithiae
NS0303 Notheme erota
NS0460 Riodina lysippoides
NS0440 Riodina lysippus
NS0110 Riodina lysisca
NS0381 Chalodeta chelonis
NS0286 Chalodeta theodora
NW85 10 Crocozona coecias
NS0195 Crocozona coecias
NS0111 Calephelis inca
NS0214 Charis anius
NS0512 Charis cadytis
NS0513 Charis cadytis
NS0415 Detritivora 
NS0018 Detritivora sp1
NS0237 Detritivora argyrea
NS0015 Lasaia agesilas
NS0074 Parcella amarynthina
NS0008 Pheles atricolor
NS0398 Pheles heliconides
NS0463 Syrmatia nyx
NS0038 Baeotis cf johannae
NS0117 Baeotis hisbon
NS0072 Baeotis melanis
NS0417 Dachetola azora
NS0247 Cartea ucayala
NS0340 Cartea vitula
NS0013 Metacharis lucius
NS0233 Metacharis lucius
NS0364 Metacharis ptolomaeus
NS0483 Metacharis nigrella
NS0254 Metacharis regalis
NS0492 Caria trochilus
NS0327 Caria marsyas
NS0326 Caria plutargus
NS0370 Barbicornis basilis
NS0291 Chamaelimnas doryphora
NS0229 Chamaelimnas urbana
FS ae 13 Apodemia mormo
NS0245 Emesis cerea
NS0321 Emesis cerea
NS0331 Emesis neemias
NS0325 Emesis ocypore
NS0324 Emesis diogenia
NS0012 Emesis lucinda
NS0259 Emesis lucinda
PDV 94 T022 Emesis nr mandana
NS0453 Emesis lucinda
NS0104 Emesis guttata
NS0481 Mesenopsis jordana
NS0503 Symmachia accusatrix
NS0504 Symmachia 
NS0511 Symmachia 
NS0105 Stichelia bocchoris
NS0401 Symmachia praxila
NS0308 Mesene croceella
NS0278 Mesene leucophrys
NS0501 Panaropsis 
NS0061 Pirascca sagaris
NS0495 Phaenochitonia cingulus
NS0298 Phaenochitonia fuliginea
NS0046 Argyrogrammana caesarion caesarion
NS0509 Argyrogrammana 
NS0386 Anteros formosus
NS0035 Anteros lectabilis
NS0347 Helicopis cupido
NS0346 Helicopis gnidus
NS0141 Sarota 
NS0213 Sarota 
NS0337 Sarota 
NS0360 Sarota 
NS0185 Calydna catana
NS0361 Calydna cea
NS0356 Calydna morio
NS0258 Calydna thersander
NS0192 Echydna chaseba
NS0239 Echydna punctata
NS0290 Echenais thelephus
PDV 94 T013 Uraneis hyalina
NS0484 Synargis abaris
NS0493 Synargis orestessa
NS0176 Synargis calyce
NS0146 Synargis galena
NS0050 Synargis ethelinda
NS0040 Synargis axenus
NS0383 Synargis regulus
NS0231 Synargis dirca
NS0473 Synargis paulistina
NS0424 Adelotypa penthea
NS0116 Ariconias glaphyra
NS0075 Aricoris aurinia
NS0044 Aricoris campestris 
NS0124 Aricoris propitia
NS0320 Aricoris signata
NS0096 Aricoris sp1
NS0041 Aricoris caracensis
NS0043 Aricoris epulus sp1
NS0093 Lemonias stalachtioides
NS0033 Lemonias zygia
NS0081 Thisbe spn
NS0318 Juditha azan
NS0098 Juditha molpe
NS0281 Juditha molpe
NS0276 Juditha pulcherrima
NS0103 Menander menander
NS0271 Adelotypa asemna
NS0020 Adelotypa leucophaea
NS0127 Adelotypa epixante
NS0429 Adelotypa aristus
NS0091 Adelotypa huebneri
NS0388 Adelotypa bolena
NS0137 Calospila rhesa
NS0510 Calospila 
NS0181 Setabis 
NS0488 Setabis epitus
NS0485 Rodinia calphucnia
NS0462 Pandemus pasiphae
NS0138 Zelotaea phasma
NS0014 Calospila emylius
NS0232 Calospila emylius
NS0092 Calospila lucianus
NS0052 Catocyclotes aemulius
NS0380 Mycastor leucarpis
NS0379 Mycastor leucarpis
NS0359 Nymphidium acherois
NS0210 Nymphidium leucosia
NS0205 Nymphidium ascolia
NS0208 Nymphidium ascolia
NS0209 Nymphidium ascolia
NS0431 Nymphidium chione
NS0027 Nymphidium caricae
NS0283 Nymphidium caricae
NS0296 Nymphidium lisimon
NS0026 Nymphidium sp2
NS0358 Nymphidium cf olinda
NS0218 Nymphidium mantus
NS0144 Nymphidium azanoides
NS0017 Nymphidium baeotia
NS0219 Nymphidium baeotia
NS0030 Nymphidium baeotia
NS0282 Nymphidium fulminans
NS0497 Protonymphidia senta
NS0420 Stalachtis calliope
BLU164 Stalachtis calliope
BLU166 Stalachtis euterpe
BLU170 Stalachtis phlegia
NS0362 Roeberella 
NS0456 Pseudotinea sp nova
NS0457 Pseudotinea sp nova
NS0004 Theope 
NS0082 Theope 
NS0083 Theope 
NS0397 Theope 
NS0100 Theope cf leucanthe
NS0394 Theope decorata
NS0396 Theope thestias
NS0300 Theope nycteis
NS0039 Theope terambus
NS0106 Apodemia castanea
NS0372 Zabuella tenellus
NS0115 Harveyope tinea
NS0107 Halonympha paucipuncta
NS0119 Alesa amesis
NS0351 Alesa 
NS0159 Alesa amesis
NS0251 Alesa 
NS0243 Eurybia albiseriata
NS0150 Eurybia halimede
NS0261 Eurybia patrona
NS0363 Eurybia pergaea
NS0242 Eurybia nicaeus
NS0090 Eurybia rubeolata
NS0257 Eurybia molochina
NS0332 Eunogyra curupira
NS0345 Hyphilaria nicia
NS0344 Hyphilaria parthenis
NS0079 Hyphilaria thasus
NS0313 Hyphilaria thasus
NS0047 Ionotus alector
NS0435 Napaea heteroea
NS0378 Ithomiola nepos
NS0377 Voltinia agroeca
NS0375 Voltinia cebrenia
NS0508 Voltinia 
NS0058 Leucochimona icare
NS0480 Leucochimona lagora
NS0191 Mesophthalma idotea
NS0162 Mesosemia sirenia
NS0179 Mesosemia 
NS0182 Mesosemia 
NS0274 Mesosemia nyctea
NS0272 Mesosemia sifia
NS0086 Mesosemia cf mayi
NS0280 Mesosemia amaranthus
NS0225 Semomesia croesus
NS0142 Semomesia marisa
NS0256 Mesosemia 
NS0016 Mesosemia 
NS0053 Mesosemia rhodia
05 srnp 48598 Mesosemia lamachus
NS0366 Mesosemia meivania
NS0348 Perophthalma tullius
NS0087 Mesosemia acuta
NS0505 Mesosemia acuta
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FM 50 Abisara rutherfordi
JM4 12 Zemeros sp
NN77 Styx infernalis
NW84 13 Hamearis lucina
NW148 12 Takashia nana
06 srnp 33176 Euselasia chrysippe
NS0234 Euselasia eusepus
NS0156 Euselasia 
NS0102 Euselasia mys
NS0228 Euselasia eustola
NS0445 Euselasia hygenius
NS0202 Euselasia erilis
NS0227 Euselasia euromus
NS0250 Euselasia uria
NS0263 Euselasia opalescens
NS0238 Euselasia gordios
NS0448 Euselasia eucerus
NS0070 Euselasia thucydides
NS0153 Euselasia eugeon
NS0155 Euselasia 
NS0203 Euselasia attrita
NW85 9 Amarynthis meneria
NS0235 Amarynthis meneria
NS0248 Ithomeis aurantiaca
NS0334 Ancyluris aulestes
NS0467 Ancyluris tedea
NS0409 Lyropteryx therpsichore
NS0076 Nirodia belphegor
NS0506 Rhetus 
NS0288 Rhetus periander
NS0316 Chorinea amazon
NS0371 Chorinea licursis
NS0120 Panara phereclus
NS0253 Panara phereclus
NS0365 Panara soana
NS0140 Themone pais
NS0336 Themone pais
NS0279 Themone pais
NS0477 Siseme aristoteles
NS0507 Monethe alphonsus
NS0432 Isapsis argyrtus
NS0108 Melanis aegates
NS0160 Melanis electron
NS0101 Melanis smithiae
NS0303 Notheme erota
NS0460 Riodina lysippoides
NS0440 Riodina lysippus
NS0110 Riodina lysisca
NS0381 Chalodeta chelonis
NS0286 Chalodeta theodora
NW85 10 Crocozona coecias
NS0195 Crocozona coecias
NS0111 Calephelis inca
NS0214 Charis anius
NS0512 Charis cadytis
NS0513 Charis cadytis
NS0415 Detritivora 
NS0018 Detritivora sp1
NS0237 Detritivora argyrea
NS0015 Lasaia agesilas
NS0074 Parcella amarynthina
NS0008 Pheles atricolor
NS0398 Pheles heliconides
NS0463 Syrmatia nyx
NS0038 Baeotis cf johannae
NS0117 Baeotis hisbon
NS0072 Baeotis melanis
NS0417 Dachetola azora
NS0247 Cartea ucayala
NS0340 Cartea vitula
NS0013 Metacharis lucius
NS0233 Metacharis lucius
NS0364 Metacharis ptolomaeus
NS0483 Metacharis nigrella
NS0254 Metacharis regalis
NS0492 Caria trochilus
NS0327 Caria marsyas
NS0326 Caria plutargus
NS0370 Barbicornis basilis
NS0291 Chamaelimnas doryphora
NS0229 Chamaelimnas urbana
FS ae 13 Apodemia mormo
NS0245 Emesis cerea
NS0321 Emesis cerea
NS0331 Emesis neemias
NS0325 Emesis ocypore
NS0324 Emesis diogenia
NS0012 Emesis lucinda
NS0259 Emesis lucinda
PDV 94 T022 Emesis nr mandana
NS0453 Emesis lucinda
NS0104 Emesis guttata
NS0481 Mesenopsis jordana
NS0503 Symmachia accusatrix
NS0504 Symmachia 
NS0511 Symmachia 
NS0105 Stichelia bocchoris
NS0401 Symmachia praxila
NS0308 Mesene croceella
NS0278 Mesene leucophrys
NS0501 Panaropsis 
NS0061 Pirascca sagaris
NS0495 Phaenochitonia cingulus
NS0298 Phaenochitonia fuliginea
NS0046 Argyrogrammana caesarion caesarion
NS0509 Argyrogrammana 
NS0386 Anteros formosus
NS0035 Anteros lectabilis
NS0347 Helicopis cupido
NS0346 Helicopis gnidus
NS0141 Sarota 
NS0213 Sarota 
NS0337 Sarota 
NS0360 Sarota 
NS0185 Calydna catana
NS0361 Calydna cea
NS0356 Calydna morio
NS0258 Calydna thersander
NS0192 Echydna chaseba
NS0239 Echydna punctata
NS0290 Echenais thelephus
PDV 94 T013 Uraneis hyalina
NS0484 Synargis abaris
NS0493 Synargis orestessa
NS0176 Synargis calyce
NS0146 Synargis galena
NS0050 Synargis ethelinda
NS0040 Synargis axenus
NS0383 Synargis regulus
NS0231 Synargis dirca
NS0473 Synargis paulistina
NS0424 Adelotypa penthea
NS0116 Ariconias glaphyra
NS0075 Aricoris aurinia
NS0044 Aricoris campestris 
NS0124 Aricoris propitia
NS0320 Aricoris signata
NS0096 Aricoris sp1
NS0041 Aricoris caracensis
NS0043 Aricoris epulus sp1
NS0093 Lemonias stalachtioides
NS0033 Lemonias zygia
NS0081 Thisbe spn
NS0318 Juditha azan
NS0098 Juditha molpe
NS0281 Juditha molpe
NS0276 Juditha pulcherrima
NS0103 Menander menander
NS0271 Adelotypa asemna
NS0020 Adelotypa leucophaea
NS0127 Adelotypa epixante
NS0429 Adelotypa aristus
NS0091 Adelotypa huebneri
NS0388 Adelotypa bolena
NS0137 Calospila rhesa
NS0510 Calospila 
NS0181 Setabis 
NS0488 Setabis epitus
NS0485 Rodinia calphucnia
NS0462 Pandemus pasiphae
NS0138 Zelotaea phasma
NS0014 Calospila emylius
NS0232 Calospila emylius
NS0092 Calospila lucianus
NS0052 Catocyclotes aemulius
NS0380 Mycastor leucarpis
NS0379 Mycastor leucarpis
NS0359 Nymphidium acherois
NS0210 Nymphidium leucosia
NS0205 Nymphidium ascolia
NS0208 Nymphidium ascolia
NS0209 Nymphidium ascolia
NS0431 Nymphidium chione
NS0027 Nymphidium caricae
NS0283 Nymphidium caricae
NS0296 Nymphidium lisimon
NS0026 Nymphidium sp2
NS0358 Nymphidium cf olinda
NS0218 Nymphidium mantus
NS0144 Nymphidium azanoides
NS0017 Nymphidium baeotia
NS0219 Nymphidium baeotia
NS0030 Nymphidium baeotia
NS0282 Nymphidium fulminans
NS0497 Protonymphidia senta
NS0420 Stalachtis calliope
BLU164 Stalachtis calliope
BLU166 Stalachtis euterpe
BLU170 Stalachtis phlegia
NS0362 Roeberella 
NS0456 Pseudotinea sp nova
NS0457 Pseudotinea sp nova
NS0004 Theope 
NS0082 Theope 
NS0083 Theope 
NS0397 Theope 
NS0100 Theope cf leucanthe
NS0394 Theope decorata
NS0396 Theope thestias
NS0300 Theope nycteis
NS0039 Theope terambus
NS0106 Apodemia castanea
NS0372 Zabuella tenellus
NS0115 Harveyope tinea
NS0107 Halonympha paucipuncta
NS0119 Alesa amesis
NS0351 Alesa 
NS0159 Alesa amesis
NS0251 Alesa 
NS0243 Eurybia albiseriata
NS0150 Eurybia halimede
NS0261 Eurybia patrona
NS0363 Eurybia pergaea
NS0242 Eurybia nicaeus
NS0090 Eurybia rubeolata
NS0257 Eurybia molochina
NS0332 Eunogyra curupira
NS0345 Hyphilaria nicia
NS0344 Hyphilaria parthenis
NS0079 Hyphilaria thasus
NS0313 Hyphilaria thasus
NS0047 Ionotus alector
NS0435 Napaea heteroea
NS0378 Ithomiola nepos
NS0377 Voltinia agroeca
NS0375 Voltinia cebrenia
NS0508 Voltinia 
NS0058 Leucochimona icare
NS0480 Leucochimona lagora
NS0191 Mesophthalma idotea
NS0162 Mesosemia sirenia
NS0179 Mesosemia 
NS0182 Mesosemia 
NS0274 Mesosemia nyctea
NS0272 Mesosemia sifia
NS0086 Mesosemia cf mayi
NS0280 Mesosemia amaranthus
NS0225 Semomesia croesus
NS0142 Semomesia marisa
NS0256 Mesosemia 
NS0016 Mesosemia 
NS0053 Mesosemia rhodia
05 srnp 48598 Mesosemia lamachus
NS0366 Mesosemia meivania
NS0348 Perophthalma tullius
NS0087 Mesosemia acuta
NS0505 Mesosemia acuta
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FM 50 Abisara rutherfordi
JM4 12 Zemeros sp
NN77 Styx infernalis
NW84 13 Hamearis lucina
NW148 12 Takashia nana
06 srnp 33176 Euselasia chrysippe
NS0234 Euselasia eusepus
NS0156 Euselasia 
NS0102 Euselasia mys
NS0228 Euselasia eustola
NS0445 Euselasia hygenius
NS0202 Euselasia erilis
NS0227 Euselasia euromus
NS0250 Euselasia uria
NS0263 Euselasia opalescens
NS0238 Euselasia gordios
NS0448 Euselasia eucerus
NS0070 Euselasia thucydides
NS0153 Euselasia eugeon
NS0155 Euselasia 
NS0203 Euselasia attrita
NW85 9 Amarynthis meneria
NS0235 Amarynthis meneria
NS0248 Ithomeis aurantiaca
NS0334 Ancyluris aulestes
NS0467 Ancyluris tedea
NS0409 Lyropteryx therpsichore
NS0076 Nirodia belphegor
NS0506 Rhetus 
NS0288 Rhetus periander
NS0316 Chorinea amazon
NS0371 Chorinea licursis
NS0120 Panara phereclus
NS0253 Panara phereclus
NS0365 Panara soana
NS0140 Themone pais
NS0336 Themone pais
NS0279 Themone pais
NS0477 Siseme aristoteles
NS0507 Monethe alphonsus
NS0432 Isapsis argyrtus
NS0108 Melanis aegates
NS0160 Melanis electron
NS0101 Melanis smithiae
NS0303 Notheme erota
NS0460 Riodina lysippoides
NS0440 Riodina lysippus
NS0110 Riodina lysisca
NS0381 Chalodeta chelonis
NS0286 Chalodeta theodora
NW85 10 Crocozona coecias
NS0195 Crocozona coecias
NS0111 Calephelis inca
NS0214 Charis anius
NS0512 Charis cadytis
NS0513 Charis cadytis
NS0415 Detritivora 
NS0018 Detritivora sp1
NS0237 Detritivora argyrea
NS0015 Lasaia agesilas
NS0074 Parcella amarynthina
NS0008 Pheles atricolor
NS0398 Pheles heliconides
NS0463 Syrmatia nyx
NS0038 Baeotis cf johannae
NS0117 Baeotis hisbon
NS0072 Baeotis melanis
NS0417 Dachetola azora
NS0247 Cartea ucayala
NS0340 Cartea vitula
NS0013 Metacharis lucius
NS0233 Metacharis lucius
NS0364 Metacharis ptolomaeus
NS0483 Metacharis nigrella
NS0254 Metacharis regalis
NS0492 Caria trochilus
NS0327 Caria marsyas
NS0326 Caria plutargus
NS0370 Barbicornis basilis
NS0291 Chamaelimnas doryphora
NS0229 Chamaelimnas urbana
FS ae 13 Apodemia mormo
NS0245 Emesis cerea
NS0321 Emesis cerea
NS0331 Emesis neemias
NS0325 Emesis ocypore
NS0324 Emesis diogenia
NS0012 Emesis lucinda
NS0259 Emesis lucinda
PDV 94 T022 Emesis nr mandana
NS0453 Emesis lucinda
NS0104 Emesis guttata
NS0481 Mesenopsis jordana
NS0503 Symmachia accusatrix
NS0504 Symmachia 
NS0511 Symmachia 
NS0105 Stichelia bocchoris
NS0401 Symmachia praxila
NS0308 Mesene croceella
NS0278 Mesene leucophrys
NS0501 Panaropsis 
NS0061 Pirascca sagaris
NS0495 Phaenochitonia cingulus
NS0298 Phaenochitonia fuliginea
NS0046 Argyrogrammana caesarion caesarion
NS0509 Argyrogrammana 
NS0386 Anteros formosus
NS0035 Anteros lectabilis
NS0347 Helicopis cupido
NS0346 Helicopis gnidus
NS0141 Sarota 
NS0213 Sarota 
NS0337 Sarota 
NS0360 Sarota 
NS0185 Calydna catana
NS0361 Calydna cea
NS0356 Calydna morio
NS0258 Calydna thersander
NS0192 Echydna chaseba
NS0239 Echydna punctata
NS0290 Echenais thelephus
PDV 94 T013 Uraneis hyalina
NS0484 Synargis abaris
NS0493 Synargis orestessa
NS0176 Synargis calyce
NS0146 Synargis galena
NS0050 Synargis ethelinda
NS0040 Synargis axenus
NS0383 Synargis regulus
NS0231 Synargis dirca
NS0473 Synargis paulistina
NS0424 Adelotypa penthea
NS0116 Ariconias glaphyra
NS0075 Aricoris aurinia
NS0044 Aricoris campestris 
NS0124 Aricoris propitia
NS0320 Aricoris signata
NS0096 Aricoris sp1
NS0041 Aricoris caracensis
NS0043 Aricoris epulus sp1
NS0093 Lemonias stalachtioides
NS0033 Lemonias zygia
NS0081 Thisbe spn
NS0318 Juditha azan
NS0098 Juditha molpe
NS0281 Juditha molpe
NS0276 Juditha pulcherrima
NS0103 Menander menander
NS0271 Adelotypa asemna
NS0020 Adelotypa leucophaea
NS0127 Adelotypa epixante
NS0429 Adelotypa aristus
NS0091 Adelotypa huebneri
NS0388 Adelotypa bolena
NS0137 Calospila rhesa
NS0510 Calospila 
NS0181 Setabis 
NS0488 Setabis epitus
NS0485 Rodinia calphucnia
NS0462 Pandemus pasiphae
NS0138 Zelotaea phasma
NS0014 Calospila emylius
NS0232 Calospila emylius
NS0092 Calospila lucianus
NS0052 Catocyclotes aemulius
NS0380 Mycastor leucarpis
NS0379 Mycastor leucarpis
NS0359 Nymphidium acherois
NS0210 Nymphidium leucosia
NS0205 Nymphidium ascolia
NS0208 Nymphidium ascolia
NS0209 Nymphidium ascolia
NS0431 Nymphidium chione
NS0027 Nymphidium caricae
NS0283 Nymphidium caricae
NS0296 Nymphidium lisimon
NS0026 Nymphidium sp2
NS0358 Nymphidium cf olinda
NS0218 Nymphidium mantus
NS0144 Nymphidium azanoides
NS0017 Nymphidium baeotia
NS0219 Nymphidium baeotia
NS0030 Nymphidium baeotia
NS0282 Nymphidium fulminans
NS0497 Protonymphidia senta
NS0420 Stalachtis calliope
BLU164 Stalachtis calliope
BLU166 Stalachtis euterpe
BLU170 Stalachtis phlegia
NS0362 Roeberella 
NS0456 Pseudotinea sp nova
NS0457 Pseudotinea sp nova
NS0004 Theope 
NS0082 Theope 
NS0083 Theope 
NS0397 Theope 
NS0100 Theope cf leucanthe
NS0394 Theope decorata
NS0396 Theope thestias
NS0300 Theope nycteis
NS0039 Theope terambus
NS0106 Apodemia castanea
NS0372 Zabuella tenellus
NS0115 Herveyope tinea
NS0107 Halonympha paucipuncta
NS0119 Alesa amesis
NS0351 Alesa 
NS0159 Alesa amesis
NS0251 Alesa 
NS0243 Eurybia albiseriata
NS0150 Eurybia halimede
NS0261 Eurybia patrona
NS0363 Eurybia pergaea
NS0242 Eurybia nicaeus
NS0090 Eurybia rubeolata
NS0257 Eurybia molochina
NS0332 Eunogyra curupira
NS0345 Hyphilaria nicia
NS0344 Hyphilaria parthenis
NS0079 Hyphilaria thasus
NS0313 Hyphilaria thasus
NS0047 Ionotus alector
NS0435 Napaea heteroea
NS0378 Ithomiola nepos
NS0377 Voltinia agroeca
NS0375 Voltinia cebrenia
NS0508 Voltinia 
NS0058 Leucochimona icare
NS0480 Leucochimona lagora
NS0191 Mesophthalma idotea
NS0162 Mesosemia sirenia
NS0179 Mesosemia 
NS0182 Mesosemia 
NS0274 Mesosemia nyctea
NS0272 Mesosemia sifia
NS0086 Mesosemia cf mayi
NS0280 Mesosemia amaranthus
NS0225 Semomesia croesus
NS0142 Semomesia marisa
NS0256 Mesosemia 
NS0016 Mesosemia 
NS0053 Mesosemia rhodia
05 srnp 48598 Mesosemia lamachus
NS0366 Mesosemia meivania
NS0348 Perophthalma tullius
NS0087 Mesosemia acuta
NS0505 Mesosemia acuta
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FM 50 Abisara rutherfordi
JM4 12 Zemeros sp
NN77 Styx infernalis
NW84 13 Hamearis lucina
NW148 12 Takashia nana
06 srnp 33176 Euselasia chrysippe
NS0234 Euselasia eusepus
NS0156 Euselasia 
NS0102 Euselasia mys
NS0228 Euselasia eustola
NS0445 Euselasia hygenius
NS0202 Euselasia erilis
NS0227 Euselasia euromus
NS0250 Euselasia uria
NS0263 Euselasia opalescens
NS0238 Euselasia gordios
NS0448 Euselasia eucerus
NS0070 Euselasia thucydides
NS0153 Euselasia eugeon
NS0155 Euselasia 
NS0203 Euselasia attrita
NW85 9 Amarynthis meneria
NS0235 Amarynthis meneria
NS0248 Ithomeis aurantiaca
NS0334 Ancyluris aulestes
NS0467 Ancyluris tedea
NS0409 Lyropteryx therpsichore
NS0076 Nirodia belphegor
NS0506 Rhetus 
NS0288 Rhetus periander
NS0316 Chorinea amazon
NS0371 Chorinea licursis
NS0120 Panara phereclus
NS0253 Panara phereclus
NS0365 Panara soana
NS0140 Themone pais
NS0336 Themone pais
NS0279 Themone pais
NS0477 Siseme aristoteles
NS0507 Monethe alphonsus
NS0432 Isapsis argyrtus
NS0108 Melanis aegates
NS0160 Melanis electron
NS0101 Melanis smithiae
NS0303 Notheme erota
NS0460 Riodina lysippoides
NS0440 Riodina lysippus
NS0110 Riodina lysisca
NS0381 Chalodeta chelonis
NS0286 Chalodeta theodora
NW85 10 Crocozona coecias
NS0195 Crocozona coecias
NS0111 Calephelis inca
NS0214 Charis anius
NS0512 Charis cadytis
NS0513 Charis cadytis
NS0415 Detritivora 
NS0018 Detritivora sp1
NS0237 Detritivora argyrea
NS0015 Lasaia agesilas
NS0074 Parcella amarynthina
NS0008 Pheles atricolor
NS0398 Pheles heliconides
NS0463 Syrmatia nyx
NS0038 Baeotis cf johannae
NS0117 Baeotis hisbon
NS0072 Baeotis melanis
NS0417 Dachetola azora
NS0247 Cartea ucayala
NS0340 Cartea vitula
NS0013 Metacharis lucius
NS0233 Metacharis lucius
NS0364 Metacharis ptolomaeus
NS0483 Metacharis nigrella
NS0254 Metacharis regalis
NS0492 Caria trochilus
NS0327 Caria marsyas
NS0326 Caria plutargus
NS0370 Barbicornis basilis
NS0291 Chamaelimnas doryphora
NS0229 Chamaelimnas urbana
FS ae 13 Apodemia mormo
NS0245 Emesis cerea
NS0321 Emesis cerea
NS0331 Emesis neemias
NS0325 Emesis ocypore
NS0324 Emesis diogenia
NS0012 Emesis lucinda
NS0259 Emesis lucinda
PDV 94 T022 Emesis nr mandana
NS0453 Emesis lucinda
NS0104 Emesis guttata
NS0481 Mesenopsis jordana
NS0503 Symmachia accusatrix
NS0504 Symmachia 
NS0511 Symmachia 
NS0105 Stichelia bocchoris
NS0401 Symmachia praxila
NS0308 Mesene croceella
NS0278 Mesene leucophrys
NS0501 Panaropsis 
NS0061 Pirascca sagaris
NS0495 Phaenochitonia cingulus
NS0298 Phaenochitonia fuliginea
NS0046 Argyrogrammana caesarion caesarion
NS0509 Argyrogrammana 
NS0386 Anteros formosus
NS0035 Anteros lectabilis
NS0347 Helicopis cupido
NS0346 Helicopis gnidus
NS0141 Sarota 
NS0213 Sarota 
NS0337 Sarota 
NS0360 Sarota 
NS0185 Calydna catana
NS0361 Calydna cea
NS0356 Calydna morio
NS0258 Calydna thersander
NS0192 Echydna chaseba
NS0239 Echydna punctata
NS0290 Echenais thelephus
PDV 94 T013 Uraneis hyalina
NS0484 Synargis abaris
NS0493 Synargis orestessa
NS0176 Synargis calyce
NS0146 Synargis galena
NS0050 Synargis ethelinda
NS0040 Synargis axenus
NS0383 Synargis regulus
NS0231 Synargis dirca
NS0473 Synargis paulistina
NS0424 Adelotypa penthea
NS0116 Ariconias glaphyra
NS0075 Aricoris aurinia
NS0044 Aricoris campestris 
NS0124 Aricoris propitia
NS0320 Aricoris signata
NS0096 Aricoris sp1
NS0041 Aricoris caracensis
NS0043 Aricoris epulus sp1
NS0093 Lemonias stalachtioides
NS0033 Lemonias zygia
NS0081 Thisbe spn
NS0318 Juditha azan
NS0098 Juditha molpe
NS0281 Juditha molpe
NS0276 Juditha pulcherrima
NS0103 Menander menander
NS0271 Adelotypa asemna
NS0020 Adelotypa leucophaea
NS0127 Adelotypa epixante
NS0429 Adelotypa aristus
NS0091 Adelotypa huebneri
NS0388 Adelotypa bolena
NS0137 Calospila rhesa
NS0510 Calospila 
NS0181 Setabis 
NS0488 Setabis epitus
NS0485 Rodinia calphucnia
NS0462 Pandemus pasiphae
NS0138 Zelotaea phasma
NS0014 Calospila emylius
NS0232 Calospila emylius
NS0092 Calospila lucianus
NS0052 Catocyclotes aemulius
NS0380 Mycastor leucarpis
NS0379 Mycastor leucarpis
NS0359 Nymphidium acherois
NS0210 Nymphidium leucosia
NS0205 Nymphidium ascolia
NS0208 Nymphidium ascolia
NS0209 Nymphidium ascolia
NS0431 Nymphidium chione
NS0027 Nymphidium caricae
NS0283 Nymphidium caricae
NS0296 Nymphidium lisimon
NS0026 Nymphidium sp2
NS0358 Nymphidium cf olinda
NS0218 Nymphidium mantus
NS0144 Nymphidium azanoides
NS0017 Nymphidium baeotia
NS0219 Nymphidium baeotia
NS0030 Nymphidium baeotia
NS0282 Nymphidium fulminans
NS0497 Protonymphidia senta
NS0420 Stalachtis calliope
BLU164 Stalachtis calliope
BLU166 Stalachtis euterpe
BLU170 Stalachtis phlegia
NS0362 Roeberella 
NS0456 Pseudotinea sp nova
NS0457 Pseudotinea sp nova
NS0004 Theope 
NS0082 Theope 
NS0083 Theope 
NS0397 Theope 
NS0100 Theope cf leucanthe
NS0394 Theope decorata
NS0396 Theope thestias
NS0300 Theope nycteis
NS0039 Theope terambus
NS0106 Apodemia castanea
NS0372 Zabuella tenellus
NS0115 Harveyope tinea
NS0107 Halonympha paucipuncta
NS0119 Alesa amesis
NS0351 Alesa 
NS0159 Alesa amesis
NS0251 Alesa 
NS0243 Eurybia albiseriata
NS0150 Eurybia halimede
NS0261 Eurybia patrona
NS0363 Eurybia pergaea
NS0242 Eurybia nicaeus
NS0090 Eurybia rubeolata
NS0257 Eurybia molochina
NS0332 Eunogyra curupira
NS0345 Hyphilaria nicia
NS0344 Hyphilaria parthenis
NS0079 Hyphilaria thasus
NS0313 Hyphilaria thasus
NS0047 Ionotus alector
NS0435 Napaea heteroea
NS0378 Ithomiola nepos
NS0377 Voltinia agroeca
NS0375 Voltinia cebrenia
NS0508 Voltinia 
NS0058 Leucochimona icare
NS0480 Leucochimona lagora
NS0191 Mesophthalma idotea
NS0162 Mesosemia sirenia
NS0179 Mesosemia 
NS0182 Mesosemia 
NS0274 Mesosemia nyctea
NS0272 Mesosemia sifia
NS0086 Mesosemia cf mayi
NS0280 Mesosemia amaranthus
NS0225 Semomesia croesus
NS0142 Semomesia marisa
NS0256 Mesosemia 
NS0016 Mesosemia 
NS0053 Mesosemia rhodia
05 srnp 48598 Mesosemia lamachus
NS0366 Mesosemia meivania
NS0348 Perophthalma tullius
NS0087 Mesosemia acuta
NS0505 Mesosemia acuta
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FM 50 Abisara rutherfordi
JM4 12 Zemeros sp
NN77 Styx infernalis
NW84 13 Hamearis lucina
NW148 12 Takashia nana
06 srnp 33176 Euselasia chrysippe
NS0234 Euselasia eusepus
NS0156 Euselasia 
NS0102 Euselasia mys
NS0228 Euselasia eustola
NS0445 Euselasia hygenius
NS0202 Euselasia erilis
NS0227 Euselasia euromus
NS0250 Euselasia uria
NS0263 Euselasia opalescens
NS0238 Euselasia gordios
NS0448 Euselasia eucerus
NS0070 Euselasia thucydides
NS0153 Euselasia eugeon
NS0155 Euselasia 
NS0203 Euselasia attrita
NW85 9 Amarynthis meneria
NS0235 Amarynthis meneria
NS0248 Ithomeis aurantiaca
NS0334 Ancyluris aulestes
NS0467 Ancyluris tedea
NS0409 Lyropteryx therpsichore
NS0076 Nirodia belphegor
NS0506 Rhetus 
NS0288 Rhetus periander
NS0316 Chorinea amazon
NS0371 Chorinea licursis
NS0120 Panara phereclus
NS0253 Panara phereclus
NS0365 Panara soana
NS0140 Themone pais
NS0336 Themone pais
NS0279 Themone pais
NS0477 Siseme aristoteles
NS0507 Monethe alphonsus
NS0432 Isapsis argyrtus
NS0108 Melanis aegates
NS0160 Melanis electron
NS0101 Melanis smithiae
NS0303 Notheme erota
NS0460 Riodina lysippoides
NS0440 Riodina lysippus
NS0110 Riodina lysisca
NS0381 Chalodeta chelonis
NS0286 Chalodeta theodora
NW85 10 Crocozona coecias
NS0195 Crocozona coecias
NS0111 Calephelis inca
NS0214 Charis anius
NS0512 Charis cadytis
NS0513 Charis cadytis
NS0415 Detritivora 
NS0018 Detritivora sp1
NS0237 Detritivora argyrea
NS0015 Lasaia agesilas
NS0074 Parcella amarynthina
NS0008 Pheles atricolor
NS0398 Pheles heliconides
NS0463 Syrmatia nyx
NS0038 Baeotis cf johannae
NS0117 Baeotis hisbon
NS0072 Baeotis melanis
NS0417 Dachetola azora
NS0247 Cartea ucayala
NS0340 Cartea vitula
NS0013 Metacharis lucius
NS0233 Metacharis lucius
NS0364 Metacharis ptolomaeus
NS0483 Metacharis nigrella
NS0254 Metacharis regalis
NS0492 Caria trochilus
NS0327 Caria marsyas
NS0326 Caria plutargus
NS0370 Barbicornis basilis
NS0291 Chamaelimnas doryphora
NS0229 Chamaelimnas urbana
FS ae 13 Apodemia mormo
NS0245 Emesis cerea
NS0321 Emesis cerea
NS0331 Emesis neemias
NS0325 Emesis ocypore
NS0324 Emesis diogenia
NS0012 Emesis lucinda
NS0259 Emesis lucinda
PDV 94 T022 Emesis nr mandana
NS0453 Emesis lucinda
NS0104 Emesis guttata
NS0481 Mesenopsis jordana
NS0503 Symmachia accusatrix
NS0504 Symmachia 
NS0511 Symmachia 
NS0105 Stichelia bocchoris
NS0401 Symmachia praxila
NS0308 Mesene croceella
NS0278 Mesene leucophrys
NS0501 Panaropsis 
NS0061 Pirascca sagaris
NS0495 Phaenochitonia cingulus
NS0298 Phaenochitonia fuliginea
NS0046 Argyrogrammana caesarion caesarion
NS0509 Argyrogrammana 
NS0386 Anteros formosus
NS0035 Anteros lectabilis
NS0347 Helicopis cupido
NS0346 Helicopis gnidus
NS0141 Sarota 
NS0213 Sarota 
NS0337 Sarota 
NS0360 Sarota 
NS0185 Calydna catana
NS0361 Calydna cea
NS0356 Calydna morio
NS0258 Calydna thersander
NS0192 Echydna chaseba
NS0239 Echydna punctata
NS0290 Echenais thelephus
PDV 94 T013 Uraneis hyalina
NS0484 Synargis abaris
NS0493 Synargis orestessa
NS0176 Synargis calyce
NS0146 Synargis galena
NS0050 Synargis ethelinda
NS0040 Synargis axenus
NS0383 Synargis regulus
NS0231 Synargis dirca
NS0473 Synargis paulistina
NS0424 Adelotypa penthea
NS0116 Ariconias glaphyra
NS0075 Aricoris aurinia
NS0044 Aricoris campestris 
NS0124 Aricoris propitia
NS0320 Aricoris signata
NS0096 Aricoris sp1
NS0041 Aricoris caracensis
NS0043 Aricoris epulus sp1
NS0093 Lemonias stalachtioides
NS0033 Lemonias zygia
NS0081 Thisbe spn
NS0318 Juditha azan
NS0098 Juditha molpe
NS0281 Juditha molpe
NS0276 Juditha pulcherrima
NS0103 Menander menander
NS0271 Adelotypa asemna
NS0020 Adelotypa leucophaea
NS0127 Adelotypa epixante
NS0429 Adelotypa aristus
NS0091 Adelotypa huebneri
NS0388 Adelotypa bolena
NS0137 Calospila rhesa
NS0510 Calospila 
NS0181 Setabis 
NS0488 Setabis epitus
NS0485 Rodinia calphucnia
NS0462 Pandemus pasiphae
NS0138 Zelotaea phasma
NS0014 Calospila emylius
NS0232 Calospila emylius
NS0092 Calospila lucianus
NS0052 Catocyclotes aemulius
NS0380 Mycastor leucarpis
NS0379 Mycastor leucarpis
NS0359 Nymphidium acherois
NS0210 Nymphidium leucosia
NS0205 Nymphidium ascolia
NS0208 Nymphidium ascolia
NS0209 Nymphidium ascolia
NS0431 Nymphidium chione
NS0027 Nymphidium caricae
NS0283 Nymphidium caricae
NS0296 Nymphidium lisimon
NS0026 Nymphidium sp2
NS0358 Nymphidium cf olinda
NS0218 Nymphidium mantus
NS0144 Nymphidium azanoides
NS0017 Nymphidium baeotia
NS0219 Nymphidium baeotia
NS0030 Nymphidium baeotia
NS0282 Nymphidium fulminans
NS0497 Protonymphidia senta
NS0420 Stalachtis calliope
BLU164 Stalachtis calliope
BLU166 Stalachtis euterpe
BLU170 Stalachtis phlegia
NS0362 Roeberella 
NS0456 Pseudotinea sp nova
NS0457 Pseudotinea sp nova
NS0004 Theope 
NS0082 Theope 
NS0083 Theope 
NS0397 Theope 
NS0100 Theope cf leucanthe
NS0394 Theope decorata
NS0396 Theope thestias
NS0300 Theope nycteis
NS0039 Theope terambus
NS0106 Apodemia castanea
NS0372 Zabuella tenellus
NS0115 Harveyope tinea
NS0107 Halonympha paucipuncta
NS0119 Alesa amesis
NS0351 Alesa 
NS0159 Alesa amesis
NS0251 Alesa 
NS0243 Eurybia albiseriata
NS0150 Eurybia halimede
NS0261 Eurybia patrona
NS0363 Eurybia pergaea
NS0242 Eurybia nicaeus
NS0090 Eurybia rubeolata
NS0257 Eurybia molochina
NS0332 Eunogyra curupira
NS0345 Hyphilaria nicia
NS0344 Hyphilaria parthenis
NS0079 Hyphilaria thasus
NS0313 Hyphilaria thasus
NS0047 Ionotus alector
NS0435 Napaea heteroea
NS0378 Ithomiola nepos
NS0377 Voltinia agroeca
NS0375 Voltinia cebrenia
NS0508 Voltinia 
NS0058 Leucochimona icare
NS0480 Leucochimona lagora
NS0191 Mesophthalma idotea
NS0162 Mesosemia sirenia
NS0179 Mesosemia 
NS0182 Mesosemia 
NS0274 Mesosemia nyctea
NS0272 Mesosemia sifia
NS0086 Mesosemia cf mayi
NS0280 Mesosemia amaranthus
NS0225 Semomesia croesus
NS0142 Semomesia marisa
NS0256 Mesosemia 
NS0016 Mesosemia 
NS0053 Mesosemia rhodia
05 srnp 48598 Mesosemia lamachus
NS0366 Mesosemia meivania
NS0348 Perophthalma tullius
NS0087 Mesosemia acuta
NS0505 Mesosemia acuta
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FM 50 Abisara rutherfordi
JM4 12 Zemeros sp
NN77 Styx infernalis
NW84 13 Hamearis lucina
NW148 12 Takashia nana
06 srnp 33176 Euselasia chrysippe
NS0234 Euselasia eusepus
NS0156 Euselasia 
NS0102 Euselasia mys
NS0228 Euselasia eustola
NS0445 Euselasia hygenius
NS0202 Euselasia erilis
NS0227 Euselasia euromus
NS0250 Euselasia uria
NS0263 Euselasia opalescens
NS0238 Euselasia gordios
NS0448 Euselasia eucerus
NS0070 Euselasia thucydides
NS0153 Euselasia eugeon
NS0155 Euselasia 
NS0203 Euselasia attrita
NW85 9 Amarynthis meneria
NS0235 Amarynthis meneria
NS0248 Ithomeis aurantiaca
NS0334 Ancyluris aulestes
NS0467 Ancyluris tedea
NS0409 Lyropteryx therpsichore
NS0076 Nirodia belphegor
NS0506 Rhetus 
NS0288 Rhetus periander
NS0316 Chorinea amazon
NS0371 Chorinea licursis
NS0120 Panara phereclus
NS0253 Panara phereclus
NS0365 Panara soana
NS0140 Themone pais
NS0336 Themone pais
NS0279 Themone pais
NS0477 Siseme aristoteles
NS0507 Crocozona 
NS0432 Isapsis argyrtus
NS0108 Melanis aegates
NS0160 Melanis electron
NS0101 Melanis smithiae
NS0303 Notheme erota
NS0460 Riodina lysippoides
NS0440 Riodina lysippus
NS0110 Riodina lysisca
NS0381 Chalodeta chelonis
NS0286 Chalodeta theodora
NW85 10 Crocozona coecias
NS0195 Crocozona coecias
NS0111 Calephelis inca
NS0214 Charis anius
NS0512 Charis cadytis
NS0513 Charis cadytis
NS0415 Detritivora 
NS0018 Detritivora sp1
NS0237 Calephelis candiope
NS0015 Lasaia agesilas
NS0074 Parcella amarynthina
NS0008 Pheles atricolor
NS0398 Pheles heliconides
NS0463 Syrmatia nyx
NS0038 Baeotis cf johannae
NS0117 Baeotis hisbon
NS0072 Baeotis melanis
NS0417 Dachetola azora
NS0247 Cartea ucayala
NS0340 Cartea vitula
NS0013 Metacharis lucius
NS0233 Metacharis lucius
NS0364 Metacharis ptolomaeus
NS0483 Metacharis nigrella
NS0254 Metacharis regalis
NS0492 Caria trochilus
NS0327 Caria marsyas
NS0326 Caria plutargus
NS0370 Barbicornis basilis
NS0291 Chamaelimnas doryphora
NS0229 Chamaelimnas urbana
FS ae 13 Apodemia mormo
NS0245 Emesis cerea
NS0321 Emesis cerea
NS0331 Emesis neemias
NS0325 Emesis ocypore
NS0324 Emesis diogenia
NS0012 Emesis lucinda
NS0259 Emesis lucinda
PDV 94 T022 Emesis nr mandana
NS0453 Emesis lucinda
NS0104 Emesis guttata
NS0481 Mesenopsis jordana
NS0503 Symmachia accusatrix
NS0504 Symmachia 
NS0511 Symmachia 
NS0105 Stichelia bocchoris
NS0401 Symmachia praxila
NS0308 Mesene croceella
NS0278 Mesene leucophrys
NS0501 Panaropsis 
NS0061 Pirascca sagaris
NS0495 Phaenochitonia cingulus
NS0298 Phaenochitonia fuliginea
NS0046 Argyrogrammana caesarion caesarion
NS0509 Argyrogrammana 
NS0386 Anteros formosus
NS0035 Anteros lectabilis
NS0347 Helicopis cupido
NS0346 Helicopis gnidus
NS0141 Sarota 
NS0213 Sarota 
NS0337 Sarota 
NS0360 Sarota 
NS0185 Calydna catana
NS0361 Calydna cea
NS0356 Calydna morio
NS0258 Calydna thersander
NS0192 Echydna chaseba
NS0239 Echydna punctata
NS0290 Echenais thelephus
PDV 94 T013 Uraneis hyalina
NS0484 Synargis abaris
NS0493 Synargis orestessa
NS0176 Synargis calyce
NS0146 Synargis galena
NS0050 Synargis ethelinda
NS0040 Synargis axenus
NS0383 Synargis regulus
NS0231 Synargis dirca
NS0473 Synargis paulistina
NS0424 Adelotypa penthea
NS0116 Ariconias glaphyra
NS0075 Aricoris aurinia
NS0044 Aricoris campestris 
NS0124 Aricoris propitia
NS0320 Aricoris signata
NS0096 Aricoris sp1
NS0041 Aricoris caracensis
NS0043 Aricoris epulus sp1
NS0093 Lemonias stalachtioides
NS0033 Lemonias zygia
NS0081 Thisbe spn
NS0318 Juditha azan
NS0098 Juditha molpe
NS0281 Juditha molpe
NS0276 Juditha pulcherrima
NS0103 Menander menander
NS0271 Adelotypa asemna
NS0020 Adelotypa leucophaea
NS0127 Adelotypa epixante
NS0429 Adelotypa aristus
NS0091 Adelotypa huebneri
NS0388 Adelotypa bolena
NS0137 Calospila rhesa
NS0510 Calospila 
NS0181 Setabis 
NS0488 Setabis epitus
NS0485 Rodinia calphucnia
NS0462 Pandemus pasiphae
NS0138 Zelotaea phasma
NS0014 Calospila emylius
NS0232 Calospila emylius
NS0092 Calospila lucianus
NS0052 Catocyclotes aemulius
NS0380 Mycastor leucarpis
NS0379 Mycastor leucarpis
NS0359 Nymphidium acherois
NS0210 Nymphidium leucosia
NS0205 Nymphidium ascolia
NS0208 Nymphidium ascolia
NS0209 Nymphidium ascolia
NS0431 Nymphidium chione
NS0027 Nymphidium caricae
NS0283 Nymphidium caricae
NS0296 Nymphidium lisimon
NS0026 Nymphidium sp2
NS0358 Nymphidium cf olinda
NS0218 Nymphidium mantus
NS0144 Nymphidium azanoides
NS0017 Nymphidium baeotia
NS0219 Nymphidium baeotia
NS0030 Nymphidium baeotia
NS0282 Nymphidium fulminans
NS0497 Protonymphidia senta
NS0420 Stalachtis calliope
BLU164 Stalachtis calliope
BLU166 Stalachtis euterpe
BLU170 Stalachtis phlegia
NS0362 Roeberella 
NS0456 Pseudotinea sp nova
NS0457 Pseudotinea sp nova
NS0004 Theope 
NS0082 Theope 
NS0083 Theope 
NS0397 Theope 
NS0100 Theope cf leucanthe
NS0394 Theope decorata
NS0396 Theope thestias
NS0300 Theope nycteis
NS0039 Theope terambus
NS0106 Apodemia castanea
NS0372 Zabuella tenellus
NS0115 Hallonympha eudocia
NS0107 Halonympha paucipuncta
NS0119 Alesa amesis
NS0351 Alesa 
NS0159 Alesa amesis
NS0251 Alesa 
NS0243 Eurybia albiseriata
NS0150 Eurybia halimede
NS0261 Eurybia patrona
NS0363 Eurybia pergaea
NS0242 Eurybia nicaeus
NS0090 Eurybia rubeolata
NS0257 Eurybia molochina
NS0332 Eunogyra curupira
NS0345 Hyphilaria nicia
NS0344 Hyphilaria parthenis
NS0079 Hyphilaria thasus
NS0313 Hyphilaria thasus
NS0047 Ionotus alector
NS0435 Napaea heteroea
NS0378 Ithomiola nepos
NS0377 Voltinia agroeca
NS0375 Voltinia cebrenia
NS0508 Voltinia 
NS0058 Leucochimona icare
NS0480 Leucochimona lagora
NS0191 Mesophthalma idotea
NS0162 Mesosemia sirenia
NS0179 Mesosemia 
NS0182 Mesosemia 
NS0274 Mesosemia nyctea
NS0272 Mesosemia sifia
NS0086 Mesosemia cf mayi
NS0280 Mesosemia amaranthus
NS0225 Semomesia croesus
NS0142 Semomesia marisa
NS0256 Mesosemia 
NS0016 Mesosemia 
NS0053 Mesosemia rhodia
05 srnp 48598 Mesosemia lamachus
NS0366 Mesosemia meivania
NS0348 Perophthalma tullius
NS0087 Mesosemia acuta
NS0505 Mesosemia acuta
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FM 50 Abisara rutherfordi
JM4 12 Zemeros sp
NN77 Styx infernalis
NW84 13 Hamearis lucina
NW148 12 Takashia nana
06 srnp 33176 Euselasia chrysippe
NS0234 Euselasia eusepus
NS0156 Euselasia 
NS0102 Euselasia mys
NS0228 Euselasia eustola
NS0445 Euselasia hygenius
NS0202 Euselasia erilis
NS0227 Euselasia euromus
NS0250 Euselasia uria
NS0263 Euselasia opalescens
NS0238 Euselasia gordios
NS0448 Euselasia eucerus
NS0070 Euselasia thucydides
NS0153 Euselasia eugeon
NS0155 Euselasia 
NS0203 Euselasia attrita
NW85 9 Amarynthis meneria
NS0235 Amarynthis meneria
NS0248 Ithomeis aurantiaca
NS0334 Ancyluris aulestes
NS0467 Ancyluris tedea
NS0409 Lyropteryx therpsichore
NS0076 Nirodia belphegor
NS0506 Rhetus 
NS0288 Rhetus periander
NS0316 Chorinea amazon
NS0371 Chorinea licursis
NS0120 Panara phereclus
NS0253 Panara phereclus
NS0365 Panara soana
NS0140 Themone pais
NS0336 Themone pais
NS0279 Themone pais
NS0477 Siseme aristoteles
NS0507 Monethe alphonsus
NS0432 Isapsis argyrtus
NS0108 Melanis aegates
NS0160 Melanis electron
NS0101 Melanis smithiae
NS0303 Notheme erota
NS0460 Riodina lysippoides
NS0440 Riodina lysippus
NS0110 Riodina lysisca
NS0381 Chalodeta chelonis
NS0286 Chalodeta theodora
NW85 10 Crocozona coecias
NS0195 Crocozona coecias
NS0111 Calephelis inca
NS0214 Charis anius
NS0512 Charis cadytis
NS0513 Charis cadytis
NS0415 Detritivora 
NS0018 Detritivora sp1
NS0237 Detritivora argyrea
NS0015 Lasaia agesilas
NS0074 Parcella amarynthina
NS0008 Pheles atricolor
NS0398 Pheles heliconides
NS0463 Syrmatia nyx
NS0038 Baeotis cf johannae
NS0117 Baeotis hisbon
NS0072 Baeotis melanis
NS0417 Dachetola azora
NS0247 Cartea ucayala
NS0340 Cartea vitula
NS0013 Metacharis lucius
NS0233 Metacharis lucius
NS0364 Metacharis ptolomaeus
NS0483 Metacharis nigrella
NS0254 Metacharis regalis
NS0492 Caria trochilus
NS0327 Caria marsyas
NS0326 Caria plutargus
NS0370 Barbicornis basilis
NS0291 Chamaelimnas doryphora
NS0229 Chamaelimnas urbana
FS ae 13 Apodemia mormo
NS0245 Emesis cerea
NS0321 Emesis cerea
NS0331 Emesis neemias
NS0325 Emesis ocypore
NS0324 Emesis diogenia
NS0012 Emesis lucinda
NS0259 Emesis lucinda
PDV 94 T022 Emesis nr mandana
NS0453 Emesis lucinda
NS0104 Emesis guttata
NS0481 Mesenopsis jordana
NS0503 Symmachia accusatrix
NS0504 Symmachia 
NS0511 Symmachia 
NS0105 Stichelia bocchoris
NS0401 Symmachia praxila
NS0308 Mesene croceella
NS0278 Mesene leucophrys
NS0501 Panaropsis 
NS0061 Pirascca sagaris
NS0495 Phaenochitonia cingulus
NS0298 Phaenochitonia fuliginea
NS0046 Argyrogrammana caesarion caesarion
NS0509 Argyrogrammana 
NS0386 Anteros formosus
NS0035 Anteros lectabilis
NS0347 Helicopis cupido
NS0346 Helicopis gnidus
NS0141 Sarota 
NS0213 Sarota 
NS0337 Sarota 
NS0360 Sarota 
NS0185 Calydna catana
NS0361 Calydna cea
NS0356 Calydna morio
NS0258 Calydna thersander
NS0192 Echydna chaseba
NS0239 Echydna punctata
NS0290 Echenais thelephus
PDV 94 T013 Uraneis hyalina
NS0484 Synargis abaris
NS0493 Synargis orestessa
NS0176 Synargis calyce
NS0146 Synargis galena
NS0050 Synargis ethelinda
NS0040 Synargis axenus
NS0383 Synargis regulus
NS0231 Synargis dirca
NS0473 Synargis paulistina
NS0424 Adelotypa penthea
NS0116 Ariconias glaphyra
NS0075 Aricoris aurinia
NS0044 Aricoris campestris 
NS0124 Aricoris propitia
NS0320 Aricoris signata
NS0096 Aricoris sp1
NS0041 Aricoris caracensis
NS0043 Aricoris epulus sp1
NS0093 Lemonias stalachtioides
NS0033 Lemonias zygia
NS0081 Thisbe spn
NS0318 Juditha azan
NS0098 Juditha molpe
NS0281 Juditha molpe
NS0276 Juditha pulcherrima
NS0103 Menander menander
NS0271 Adelotypa asemna
NS0020 Adelotypa leucophaea
NS0127 Adelotypa epixante
NS0429 Adelotypa aristus
NS0091 Adelotypa huebneri
NS0388 Adelotypa bolena
NS0137 Calospila rhesa
NS0510 Calospila 
NS0181 Setabis 
NS0488 Setabis epitus
NS0485 Rodinia calphucnia
NS0462 Pandemus pasiphae
NS0138 Zelotaea phasma
NS0014 Calospila emylius
NS0232 Calospila emylius
NS0092 Calospila lucianus
NS0052 Catocyclotes aemulius
NS0380 Mycastor leucarpis
NS0379 Mycastor leucarpis
NS0359 Nymphidium acherois
NS0210 Nymphidium leucosia
NS0205 Nymphidium ascolia
NS0208 Nymphidium ascolia
NS0209 Nymphidium ascolia
NS0431 Nymphidium chione
NS0027 Nymphidium caricae
NS0283 Nymphidium caricae
NS0296 Nymphidium lisimon
NS0026 Nymphidium sp2
NS0358 Nymphidium cf olinda
NS0218 Nymphidium mantus
NS0144 Nymphidium azanoides
NS0017 Nymphidium baeotia
NS0219 Nymphidium baeotia
NS0030 Nymphidium baeotia
NS0282 Nymphidium fulminans
NS0497 Protonymphidia senta
NS0420 Stalachtis calliope
BLU164 Stalachtis calliope
BLU166 Stalachtis euterpe
BLU170 Stalachtis phlegia
NS0362 Roeberella 
NS0456 Pseudotinea sp nova
NS0457 Pseudotinea sp nova
NS0004 Theope 
NS0082 Theope 
NS0083 Theope 
NS0397 Theope 
NS0100 Theope cf leucanthe
NS0394 Theope decorata
NS0396 Theope thestias
NS0300 Theope nycteis
NS0039 Theope terambus
NS0106 Apodemia castanea
NS0372 Zabuella tenellus
NS0115 Harveyope tinea
NS0107 Halonympha paucipuncta
NS0119 Alesa amesis
NS0351 Alesa 
NS0159 Alesa amesis
NS0251 Alesa 
NS0243 Eurybia albiseriata
NS0150 Eurybia halimede
NS0261 Eurybia patrona
NS0363 Eurybia pergaea
NS0242 Eurybia nicaeus
NS0090 Eurybia rubeolata
NS0257 Eurybia molochina
NS0332 Eunogyra curupira
NS0345 Hyphilaria nicia
NS0344 Hyphilaria parthenis
NS0079 Hyphilaria thasus
NS0313 Hyphilaria thasus
NS0047 Ionotus alector
NS0435 Napaea heteroea
NS0378 Ithomiola nepos
NS0377 Voltinia agroeca
NS0375 Voltinia cebrenia
NS0508 Voltinia 
NS0058 Leucochimona icare
NS0480 Leucochimona lagora
NS0191 Mesophthalma idotea
NS0162 Mesosemia sirenia
NS0179 Mesosemia 
NS0182 Mesosemia 
NS0274 Mesosemia nyctea
NS0272 Mesosemia sifia
NS0086 Mesosemia cf mayi
NS0280 Mesosemia amaranthus
NS0225 Semomesia croesus
NS0142 Semomesia marisa
NS0256 Mesosemia 
NS0016 Mesosemia 
NS0053 Mesosemia rhodia
05 srnp 48598 Mesosemia lamachus
NS0366 Mesosemia meivania
NS0348 Perophthalma tullius
NS0087 Mesosemia acuta
NS0505 Mesosemia acuta
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Natural history and systematic position of Rhetus belphegor
(n. comb.) (Lepidoptera: Riodinidae), an endangered butterfly
with narrow distribution in Southeast Brazil
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Abstract The riodinid Rhetus belphegor (Westwood) (n.
comb., previously in the genus Nirodia) is a critically
endangered butterfly confined to the ‘‘campos rupestres’’; a
high-altitude rocky outcrop vegetation from southeast
Brazil. The aim of this study is to unveil its biology and
evaluate its systematic position. Based on museum data and
public contribution of data (in the context of citizen sci-
ence), R. belphegor is restricted to the ‘‘Espinhac¸o
Mountain Chain’’, and occurs exclusively above 1000 m.
Adults were found resting upside down on rock walls.
Females searched for host plants during the hottest hours of
the day, depositing 1–2 eggs on leaves of the herbaceous
subshrub Microstachys serrulata (Euphorbiaceae). The
non-myrmecophilous larvae developed through six instars
and the developmental time from egg to adult was
*50 days. Larvae are covered with abundant setae. Mor-
phology of immature stages and molecular phylogenetic
analysis showed that Nirodia is part of Rhetus, justifying
the generic change. Our data supports that Nirodia is the
only species in its clade associated with high mountains, in
contrast to its lowland congeners. The description of the
immature biology and clarification on its systematic posi-
tion are essential steps for the establishment of better and
more effective conservation efforts for this magnificent
Brazilian butterfly.
Keywords Citizen science  Conservation  Immature
stages  Monotypic taxon  Neotropical  Riodinini
Introduction
Brazil is a country with continental dimensions and great
environmental heterogeneity, one of the richest regions in
the world for butterflies. Although the greatest diversity is
found in tropical lowland forest sites (e.g. Brown and
Freitas 2002; Dolibaina et al. 2012), there are many
endemic species in montane environments. In fact, most of
the Brazilian endangered butterfly species occur in this
kind of habitat (Freitas and Marini-Filho 2011; Freitas
et al. 2014). An iconic example is Nirodia belphegor
(Westwood 1851), a poorly known species originally
described in a monotypic genus endemic of mountain
chains in Southeast Brazil (Fig. 1; Brown 1993b).
In his large treatise ‘‘The genera of Diurnal Lepi-
doptera’’, Westwood (1851) erected the subgenus Nirodia
Westwood (1851), diagnosed by ‘‘wings very broad’’ and
‘‘tails very short’’, to include the single species Erycina
belphegor Westwood (1851), described based on a female
holotype from the ‘‘amazons’’. Treated as N. belphegor
(Westwood 1851), this species is superficially similar to
species of short tailed Rhetus Swainson, [1829], especially
taking into account the presence of shining blue areas
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covering dorsal wings of males (Fig. 1b), a condition
present in Rhetus periander (Cramer 1777) and Rhetus
dysonii (Saunders 1850). Despite these similarities, the
taxonomic status of Nirodia has never been evaluated and
the monotypic genus continues to be considered valid
(Callaghan and Lamas 2004).
There are very few known localities for N. belphegor;
museum and field records indicate that the species is
restricted to the southern portion of a large mountain
chain extending from Bahia to Minas Gerais known as
‘‘Serra do Espinhac¸o’’. Moreover, the species is appar-
ently restricted to some habitats of rocky montane fields
(known locally as ‘‘campos rupestres’’, see Alves and
Kolbek 2010), mostly above 1100 m of altitude (Fig. 1a).
Due to its habitat specificity, restricted distribution and
unknown populations, N. belphegor was first assessed as
data deficient (DD) (Bernardes et al. 1990). Since then, N.
belphegor appeared in all subsequent lists of threatened
species from Brazil (Machado et al. 2005, 2008) and the
State of Minas Gerais (Casagrande et al. 1998), and as
endangered (EN) in the IUCN red list (Gimenez Dixon
1996). It was recently assessed as critically endangered
(CR) in the last Brazilian red lists of threatened species
(MMA 2014).
Nevertheless, very little natural history information is
available for N. belphegor so far, including population size,
general behaviour, host plants, immature biology and sys-
tematic position. In the last 4 years, a project focusing on
the conservation of butterflies in Brazil (see ‘‘Acknowl-
edgments’’) resulted in new relevant information for sev-
eral threatened butterfly species, including data on natural
history, taxonomy, ecology and distribution (see Greve
et al. 2013; Freitas et al. 2014; Gomes et al. 2014; Kerpel
et al. 2014; Melo et al. 2014, and references therein).
Considering the increasing awareness and capacity of non-
biologist citizens to add relevant data on species occur-
rence, we also fostered the involvement of lay people in the
effort to locate new populations of this rare and endemic
butterfly. This type of effort may be treated in the scope of
Citizen Science and has a great potential to help gather data
for megadiverse countries lacking sufficient scientific
resources (Silvertown 2009; Theobald et al. 2015; Lawr-
ence 2015).
As an outcome of the above project, the present paper
reports the distribution and habitat of N. belphegor,
describes its life cycle, with identification of its host
plant and report of its early stages. In addition, a change
in its systematic position is proposed based on newly
available molecular data. The present paper also dis-
cusses the distribution and conservation status of N.
belphegor.
Materials and methods
Distribution records
Distribution data were gathered from the literature, field
surveys in areas previously indicated by niche modelling
analysis and from citizen reports in the region were the
butterfly was supposed to occur (Soares 2015). Field
surveys were carried out in areas of the Espinhac¸o
mountain range (Serra do Espinhac¸o), high plateaus from
Goia´s state in ‘‘Chapada dos Veadeiros National Park’’
Fig. 1 Habitat and adults of
Rhetus belphegor. a General
aspect of the rocky montane
fields in Serra do Cipo´ National
Park, Minas Gerais, Brazil,
arrow indicates the location of
the host plant Microstachys
serrulata (Euphorbiaceae);
b adult male visiting flowers of
Eryngium sp. (Apiaceae);
c female egg laying on M.
serrulata; note abdomen tip
curved (arrow). Scale = 1 cm.
Photo (b) by FM Ribeiro
1142 J Insect Conserv (2015) 19:1141–1151
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and ‘‘Serra dos Pirineus State Park’’. A public campaign
was also made using social media (Facebook) calling for
attention and asking for collaboration with locality and
photographs of N. belphegor (see at https://www.face
book.com/redelepmg). Other contributions came volun-
tarily from biologists who knew about this effort and
provided photographs and locality data from their sight-
ings of the butterfly.
Study sites, collection and rearing
Adults, immatures, and host plants were studied in the field
in the ‘‘Parque Nacional da Serra do Cipo´’’ (Serra do Cipo´
National Park). The park is located in the southernmost
portion of the Espinhac¸o Mountain Chain, within the
municipalities of Santana do Riacho, Jaboticatubas, Itambe´
do Mato Dentro, and Morro do Pilar (22300–22330S;
42150–42190W), state of Minas Gerais, Southeast Brazil.
It covers ca. 33,800 ha with altitudes ranging from 800 to
1400 m. The vegetation is heterogeneous comprising rocky
montane fields (usually above 800 m a.s.l.), gallery forest,
cerrado sensu stricto (open savanna) and cerrada˜o (forest
savanna). Average temperatures range from 20 to 22 C
(with minimum temperatures reaching 0 C in winter in
some years), with nights usually cold even during the
summer. The average annual rainfall is 1622 mm with a
dry period from April to September (Meguro et al. 1996).
Fieldwork consisted of active search for N. belphegor
adults; the collections took place throughout the day (ca.
08.00–18.00 h). When found, all activities were recorded
ad libitum (Altmann 1974). To reveal the host plant,
potential females were watched and followed as long as
possible or until they were lost. After recognition of the
host plant (Microstachys serrulata (Mart.) Mu¨ll. Arg.
(Euphorbiaceae), all individual plants found were visually
scanned for the presence of eggs and larvae, as described in
Bodner et al. (2010). Immatures used for morphological
description were field-collected and reared as follows: eggs
were placed in Petri dishes and observed daily until eclo-
sion, then newly hatched larvae were reared in transparent
500 ml plastic pots under controlled conditions
(25 ± 2 C; 12 h of light and 12 h of dark). In these pots,
we added small rocks and tree bark pieces to simulate a
natural environment. Branches of the same host plant upon
which each larva was found were offered ad libitum and
larvae were daily checked for food replacement, and
cleaning (as described in Kaminski 2008).
Morphology
We took measurements and observed general morphological
aspects using a Leica MZ7.5 stereomicroscope equipped
with a micrometric scale. Egg size is given as height and
diameter. Head capsule width of larvae is the distance
between the most external stemmata; maximum total length
for both larvae and pupae, corresponded to the distance from
head to posterior margin of the tenth abdominal segment in
dorsal view. Measurements are given as minimum–maxi-
mum values. The terminology for descriptions of early
stages follows Kaminski (2008) and Kaminski et al. (2013).
Molecular systematics
Total DNA was extracted from legs of adult specimens,
using DNeasy kit (Qiagen). Four different regions of the
genome were sequenced, including one mitochondrial
DNA fragment, the anterior portion of the cytochrome
oxidase c subunit I (COI) gene; and fragments of three
nuclear genes: arginine kinase (AK), carbamoylphosphate
synthase domain protein (CAD) and ribosomal protein
subunit 5 (RpS5). PCR reactions followed Wahlberg and
Wheat (2008) protocols, however one novel reverse primer
was designed specifically for the first half of Riodinidae
CAD (CADmidR_Riod 50-ATTAACCCTCACTAAAGG
GGAAGCTGGCCATTCRGCRGC-30). Sequences were
trimmed and cleaned in Geneious v 7.1.2 (http://www.gen
eious.com, Kearse et al. 2012), and aligned using MAFFT
function (Katoh et al. 2002) implemented therein. The
MAFFT function in Geneious is set to auto, which auto-
matically selects the best algorithm for each dataset.
Sequences were managed and dataset created using Voseq
(Pen˜a and Malm 2012). The molecular analyses were based
on the phylogeny of all the Riodinidae (Seraphim et al., in
prep.), using 247 specimens and a matrix of*6000 bp (nine
molecular markers). The number of genes used here, out-
groups and closely related taxa are all based on the full
dataset. Several additional individuals from each Rhetus and
Nirodia species had the COI region sequenced for this study,
to account for intraspecific variation. The percentage of
missing data is 54.5 % of all base pairs, but this does not
reflect in spurious relationships between taxa.
The final matrix comprised 19 Riodinini samples,
including four N. belphegor, 14 samples of closely related
genera (Rhetus, Ancyluris Hu¨bner, [1819] and Lyropterix
(Westwood 1851)) and Riodina lysisca (Hewitson, [1853])
as outgroup (Table 1). A Bayesian inference analysis was
executed on MrBayes v 3.2.3 (Ronquist et al. 2012) using
CIPRES Gateway (Miller et al. 2010). Analysis were done
by running two different runs with four chains each for a
maximum of 10 million generations, sampled every 1000
generations, partitioned by gene, searching for the best
model of nucleotide evolution across GTR ? C space. The
analysis was stopped when the two runs reached conver-
gence (average standard deviation of split frequencies
under 0.01). The convergence of different runs was
assessed and ESS verified using TRACER software v1.5.
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For comparison, a Maximum Likelihood analysis was also
conducted using program RAxML (Stamatakis 2014) with
rapid 1000 bootstraps and search for maximum likelihood
topology as implemented on CIPRES Gateway (Miller
et al. 2010), for this analysis we used an unpartitioned
dataset, with the GTR ? C model of nucleotide evolution.
Results
Geographic distribution
All reliable accounts of N. belphegor are from the south-
ernmost portion of ‘‘Serra do Espinhac¸o’’ in Minas Gerais
state in Southeast Brazil (Table 2; Fig. 2). In total, the
species was recorded in 16 specific points (in 11 different
sites, considering only points at least 3 km apart and with
clear habitat discontinuity) in four different sectors of the
Serra do Espinhac¸o. The record of ‘‘Amazon’’ in the
holotype is incongruent with all additional information
from field records and literature as stated in the present
study. Additional searches in rocky montane fields with
similar conditions in Goia´s state (Chapada dos Veadeiros
National Park and Serra dos Pirineus State Park, see above)
resulted in no records of N. belphegor (Table 2).
Habitat and natural history
Nirodia belphegor is restricted to rocky montane fields
(‘‘campos rupestres’’) habitat. The species is not evenly
distributed through the landscape. Instead, adults of R.
belphegor are local, occurring around rock outcrops partially
protected from the winds (Fig. 1a). Adults are skittish and
when molested fly quickly to another nearby rocky outcrop,
Table 1 Species of sequenced Riodinini with code, sampling sites data, and GenBank accession numbers for sequenced genes
Code Genus Species Subspecies Locality COI AK CAD RPS5
NS0334 Ancyluris aulestes aulestes Tapajo´s, Para´, Brazil KU176905 KU176932 KU176926 KU176919
NS0489 Ancyluris aulestes aulestes Tapajo´s, Para´, Brazil KU176907 – – –
NS0467 Ancyluris tedea silvicultrix Chapada dos Guimara˜es, Mato
Grosso, Brazil
KU176906 KU176933 – KU176920
JQ566992.1 Ancyluris inca inca Area de conservacio´n
Guanacaste, Costa Rica
JQ566992 – – –
GU152930.1 Ancyluris jurgensenii jurgensenii Area de conservacio´n
Guanacaste, Costa Rica
GU152930 – – –
NS0409 Lyropteryx therpsichore therpsichore Chapada dos Guimara˜es, Mato
Grosso, Brazil
KU176908 KU176934 KU176927 KU176921
NS0076 Rhetus belphegor – Sempre-Vivas Nat. Park,
Minas Gerais, Brazil
KU176909 KU176935 KU176928 KU176922
NS0498 Rhetus belphegor – Serra do Cipo´, Minas Gerais,
Brazil
KU176910 – – –
NS0499 Rhetus belphegor – Serra do Cipo´, Minas Gerais,
Brazil
KU176911 – – –
NS0500 Rhetus belphegor – Serra do Cipo´, Minas Gerais,
Brazil
KU176912 – – –
NS0288 Rhetus periander periander Foz do Acuria´, Upper Jurua´
River, Acre, Brazil
KU176913 KU176936 KU176929 KU176923
NS0289 Rhetus periander periander Foz do Rio Tejo, Upper Jurua´
River, Acre, Brazil
KU176916 – – –
NS0410 Rhetus periander spp. Rio Doce, Minas Gerais, Brazil KU176914 – – KU176924
NS0411 Rhetus periander spp. Rio Doce, Minas Gerais, Brazil KU176915 – – –
NS0506 Rhetus periander eleusinus Morro Grande, Cotia, Sa˜o
Paulo, Brazil
KU176917 – KU176930 –
JF754144.1 Rhetus arcius castigatus Area de conservacio´n
Guanacaste, Costa Rica
JF754144 – – –
JF754145.1 Rhetus arcius castigatus Area de conservacio´n
Guanacaste, Costa Rica
JF754145 – – –
GU153710.1 Rhetus dysonii caligosus Sandero Huerta, Costa Rica GU153710 – – –
NS0110 Riodina lycisca lycisca Sempre Vivas Nat. Park, Minas
Gerais, Brazil
KU176918 KU176937 KU176931 KU176925
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which makes them difficult to observe and follow, due to the
slope variation. They are active only in the hottest hours of
the day when it is possible to find adults on flowers, espe-
cially in Asteraceae and Apiaceae (Fig. 1b). Activity was
restricted to sunny periods, stopping completelywhen clouds
covered the sun. Adults were observed resting upside down,
usually in the negative slope of the rocks with wings
outspread. Males were also observed doing short flights out
from their perching sites in a typical territorial behaviour (a
behaviour also observed by Brown 1993b).
The only known larval host plant is Microstachys ser-
rulata (Euphorbiaceae), a small herbaceous subshrub pre-
senting milky and caustic sap (Fig. 1c). The species is
mentioned as common in Cerrado vegetation, in the edge of
Table 2 Data for all points
with records of Nirodia
belphegor (all in Minas Gerais
State)
Points Municipality Conservation unity Altitude (m)
1 Bueno´polis Sempre Vivas National Park 1330
2 Bueno´polis Sempre Vivas National Park 1282
3 Diamantina Outside conservation unity 1315
4 Sa˜o Gonc¸alo do Rio Preto Rio Preto State Park 1567
5 Lapinha da Serraa Outside conservation unity 1171
6 Morro do Pilar Serra do Cipo´ National Park 1273
7 Morro do Pilar Serra do Cipo´ National Park 1313
8 Santana do Riacho Serra do Cipo´ National Park 1429
9 Santana do Riacho Outside conservation unity 1153
10 Santana do Riacho Outside conservation unity 1187
11 Santana do Riacho Outside conservation unity 1096
12 Santana do Riacho Outside conservation unity 1153
13 Itambe´ do Mato Dentrob Serra do Cipo´ National Park 1100
14 Santa Ba´rbara Carac¸a Private Reserve 1390
15 Catas Altasc Carac¸a Private Reserve 1330
16 Moedad Outside conservation unity 1315
a Walter Rocha Cerqueira, unpublished data
b Marcio Uehara-Prado, unpublished data
c Casagrande et al. (1998)
d Augusto Milagres e Gomes, unpublished data
Fig. 2 Map of South America
(upper left) and detail of
Southeast Brazil, showing the
16 known localities for Rhetus
belphegor. For further details,
see Table 2
J Insect Conserv (2015) 19:1141–1151 1145
123
Anexo 14 134
seasonal forests and in riparian forests (Pscheidt and Cor-
deiro 2012). In the ‘‘campo rupestre’’, however, the plants
were only found as small patches in rocky outcrops, the
typical N. belphegor habitat. Females searched for host
plants during the hottest hours of the day, depositing 1–2
eggs (n = 10 ovipositions) under the leaves of its host plant
(Fig. 1c). During oviposition, females first fly and land on
several nearby potential plants; later, in the post-alignment
phase, they walk around the plant, groping with prothoracic
legs and the abdomen tip, and laying eggs only on M. ser-
rulata (n = 2 females, ca. 20 attempts, 10 ovipositions).
The larvae developed through six instars and the
developmental time from egg to adult was of about
50 days. After hatching, the newly enclosed larvae did not
feed on the exochorion. Larvae were non-myrmecophilous
and fed isolated in all instars. Early instars (first to fourth)
were reddish and built shelters by joining leaves with silk,
these larvae usually fed by scraping the leaf surface.
Mature instars (fifth and sixth) became grey and cryptic
and ate the entire leaf. In the field, mature larvae could not
be found suggesting that they spend the day away from the
host plant, next to the stem or on nearby rocks (a behaviour
observed in larvae reared in the laboratory). Pupation did
not occur on the host plant.
Description of immature stages
Egg (Fig. 3a). Duration 7 days (n = 3). Height
0.44–0.48 mm; diameter 0.84–0.92 mm (n = 14); colour
light red; general shape discoid, circular in anterior view;
exochorion with elevated ribs outlining elongated hexag-
onal cells and forming short thick projections; micropylar
area well delimited and depressed.
First instar (Fig. 3b). Duration 2–3 days (n = 5). Head-
capsule width 0.36 mm (n = 4), maximum length 2.00 mm.
Head dark brown, beige dorsally in the epicranium; body
tegument light orange laterally, with a subdorsal brown band
and dorsomedial whitish band; prothoracic and anal plate
brown; long translucent and black setae laterally and dor-
sally. Spiracle on A1 located ventrad and cephalad, whereas
that of A2 is aligned with the remaining spiracles and located
at center of segment in lateral view.
Second instar (Fig. 3c). Duration 4–5 days (n = 5).
Head-capsule width 0.50–0.52 mm (n = 3), maximum
length 3.71 mm. Head black; body tegument light orange
with a subdorsal brown band and two conspicuous dorsally
white spots on the A4–A5 segments; prothoracic and anal
plate dark brown. Body with black plumose setae in dorsal
clusters, long plumose setae in the lateral area, and echi-
noid setae dorsally, which confer an external bright
appearance to the larva.
Third instar (Fig. 3d). Duration 4–5 days (n = 5).
Head-capsule width 0.64–0.90 mm (n = 5), maximum
length 5.80 mm. Head black; body tegument reddish with
two conspicuous dorsally white spots on the A4–A5 seg-
ments; prothoracic and anal plate black. Body with black
and red plumose setae in dorsal clusters, long plumose
setae in the lateral area, and echinoid setae dorsally.
Fourth instar (Fig. 3e). Duration 6–7 days (n = 5).
Head-capsule width 1.00–1.40 mm (n = 5), maximum
length 1.40 cm. Head black; body tegument dark brown
reddish with two dorsal conspicuous white spots on the
A4–A5 segments; prothoracic and anal plate black. Body
with black and red plumose setae in dorsal clusters; long
plumose setae in the lateral area; densely covered by
echinoid and short plumose setae dorsally.
Fifth instar (Fig. 3f). Duration 8–9 days (n = 5). Head-
capsule width 1.72–1.92 mm (n = 5), maximum length
2.05 cm. Head black; body tegument black with two con-
spicuous dorsally white spots on the A4–A5 segments;
prothoracic and anal plate black. Body with black and red
plumose setae in dorsal clusters, long plumose setae in the
lateral area, densely covered by echinoid and short plumose
setae dorsally, which confer an external grey appearance to
the larva. Spiracles surrounded by short plumose red setae.
Sixth (last) instar (Fig. 3g). Duration 9–11 days
(n = 5). Head-capsule width 2.70–3.02 mm (n = 8),
maximum length 2.30 cm. General morphology and colour
pattern similar to fifth instar, but with more numerous and
enlarged setae.
Pupa (Figs. 3h–i). Duration 10–15 days (n = 4). Max-
imum length 1.80 cm, width at A1 0.50 cm (n = 5).
Background colour pale white with some greyish areas
dorsally; black spots distributed along the lateral, subdorsal
and dorsomedial; intersegmental areas in the abdomen
yellow laterally. Four series of tubercles: dorsomedial on
A2–A6; subdorsal on metathorax; supraspiracular on A1–
A8; and subspiracular on A4–A7 segments. Tegument
smooth, with few short setae, a silk girdle crossing the pupa
over A1, near supraspiracular tubercles. Consolidated A9
and A10 segments constitute ventrally flat cremaster,
which has short crochets in ventral position.
Systematic position
Both analyses recovered the same topology and we present
here the Bayesian Inference tree with posterior probabilities
under the nodes and bootstrap support values above the nodes
(Fig. 4). The phylogenetic hypothesis showed that the genus
Rhetus is clearly paraphyletic, with Rhetus arcius (Linnaeus
1763) sister to a clade formed by all other species of
Rhetus ? Nirodia belphegor. In addition, Rhetus periander
appear as paraphyletic, with Rhetus periander eleusinus Sti-
chel, 1910 sister toN. belphegorwhile the remaining sampled
subspecies of Rhetus periander form a clade sister to Rhetus
dysonii caligosus Stichel, 1929. Accordingly, because R.
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arcius is the type species for the genus Rhetus, N. belphegor
should be transferred to Rhetus, as Rhetus belphegor (West-
wood 1851), n. comb. As all known species of Rhetus were
sampled in the present study, with this transference the genus
Rhetus becomes monophyletic.
Discussion
Comparative morphology and natural history
The immature stages of Rhetus belphegor n. comb. have
several characteristics that confirm its placement in Rio-
dinini. Sculptured eggs with well-marked cells, first instar
with long setae, presence of echinoid setae dorsally, lack of
tentacle nectary organs (TNOs), and relative position of
spiracles are some example of these characteristics (see
Harvey 1987; DeVries 1997; Kaminski 2008; Kaminski
et al. 2014). In addition, as is known to all species in this
tribe, R. belphegor larvae does not have symbiotic inter-
action with ants, i.e. it has no functional ant-organs and can
be classified as non-myrmecophilous.
Within the Riodinini, immature stages of R. belphegor
are similar to species in the genera Ancyluris, Chorinea,
Lyropteryx, Necyria, and Panara (e.g. Dias 1980; DeVries
1997; Kaminski 2008; Casagrande et al. 2009; Janzen and
Hallwachs 2014). The larvae of these genera have dorsal
and lateral clusters of setae, and the body covered by small
Fig. 3 Immature stages of
Rhetus belphegor on the host
plant Microstachys serrulata
(Euphorbiaceae). a egg; b first
instar; c second instar; d third
instar; e fourth instar; f fifth
instar; g sixth (last) instar; h–
i pupa in lateral and ventral
view respectively.
Scales = 0.5 mm (a–d), and
0.3 cm (e–i). Photos (f–i) by LL
Mota. (Color figure online)
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echinoid and plumose setae. As noted by Casagrande et al.
(2009), general larval colour pattern is altered by this type
of setae, which obscures most of the tegument. Some lar-
vae and pupae in these Riodinini genera have a conspicu-
ous colour pattern (see Casagrande et al. 2009). In the case
of R. belphegor, however, mature larva and pupa present a
colour pattern that can be considered cryptic when they rest
outside the host plant (Fig. 3g). In this way, mature larva
and pupa of R. belphegor are very similar to Rhetus
periander (FC Campos-Neto, pers. comm.).
The oviposition behaviour with a long post-alignment
phase in addition to the presence of immatures and evi-
dence of its presence (empty eggs and signs of herbivory)
in inspected plants suggests that R. belphegor is using
only M. serrulata, and the species could be monophagous
at this local scale. If confirmed, this specialization in
Euphorbiaceae is intriguing, since this is a plant family
rarely used by Riodinini. The main host plant families for
closely related genera are: Melastomataceae and
Vochysiaceae for Ancyluris, Lyropteryx and Necyria; and
Celastraceae and Aquifoliaceae for Chorinea and Panara
(DeVries 1997; Beccaloni et al. 2008; Casagrande et al.
2009; LA Kaminski, unpubl. data). Although other spe-
cies of Rhetus are mentioned as being polyphagous
(Beccaloni et al. 2008; FC Campos-Neto, pers. comm.),
they are probably specialists of mistletoes (Loranthaceae)
(see discussion in Kaminski et al. 2014). Thus, informa-
tion on host plant use of R. belphegor can be useful to
understand its restricted occurrence, as well as to con-
tribute to the understanding evolution of the diet breadth
in Riodinini.
Systematic position
In general, real monotypic genera are rare and often are
considered of dubious classificatory value (Farris 1976).
According Penz et al. (2011) there are three possible
grounds for the existence of monotypic genus related with
Fig. 4 Bayesian Inference tree for Nirodia, Rhetus and Ancyluris
species. Posterior probabilities of nodes are presented in bold below
the nodes. Bootstrap support values (from ML analysis, see text for
details) are presented in italics above the nodes. Right butterfly
images from top to bottom: Lyropterix therpsichore, Ancyluris
aulestes pandama, Rhetus arcius castigatus, Rhetus periander
eleusinus, Rhetus belphegor, Rhetus dysonii caligosus, Rhetus
periander periander
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(1) the accumulation of autapomorphies within a lineage
without posterior cladogenesis; (2) extinction of all species
of a lineage but one; or (3) artefacts of taxonomic work.
Nirodia clearly belongs to the third case. New morpho-
logical and molecular evidence clearly shows that the
monotypic genus Nirodia should be synonymized with the
genus Rhetus, a transference that was previously suggested
by Brown (1993a), who stated that the genus Nirodia was
‘‘Probably part of Rhetus, isolated in high mesic rock-
fields’’. However, Brown (1993a) did not present formal
taxonomic change, or the reasons supporting this transfer.
Based on the current evidence, R. belphegor is a lineage
of Rhetus with restricted distribution associated with this
specific montane environment, and host plant. This habit is
different from that known for all other species of Rhetus,
widely distributed in lowlands (Llorente-Bousquets 1987;
DeVries 1997). The colonization of montane habitats,
followed by speciation, has been previously proposed for
some Andean riodinid lineages (see Hall 2005). Something
similar appears to occur in the high montane areas of
Southeast Brazil, were montane habitats are more restricted
and isolated. This, in turn, could cause montane adapted
species to present smaller and more isolated populations,
causing several of them to receive threatened status (e.g.,
Freitas et al. 2012, 2014; Kaminski et al. 2015).
Conservation of Rhetus belphegor
Although presenting a very narrow geographic distribution
and high habitat specificity, most known populations of
Rhetus belphegor are inside protected areas. Considering the
11 different sites where the species occur, seven are inside
protected areas (three sites in the Serra doCipo´National Park,
one in the Sempre Vivas National Park, one in the Rio Preto
State Park and two in the Serra do Carac¸a Private Reserve)
(Table 2). However, this does notmean that the species is not
susceptible to threats even inside protected areas. Among the
main threats known for these rocky montane fields are the
frequent fires, cattle grazing, impacts of roads and invasion of
alien grasses, frequently cited in recent studies (Kolbek and
Alves 2008; Barbosa et al. 2010). Although cattle grazing is
not an issue formost of the populations inside protected areas,
the other three factors impact even the remotest areas of the
National Parks. These factors should be taken into account in
conservation programs focusing on R. belphegor and other
endemic species from the same region (see Freitas 2004).
Besides the above-mentioned threats, climatic changes
should also be considered. Predictive models suggest a
catastrophic future for rockymontane fields in hotter climatic
scenarios (e.g. IPCC 2007), with up to 95 % losses of current
suitable area (Fernandes et al. 2014).
Although there are no available population-level data for
R. belphegor, populations appear to be small; even with a
large sampling effort, no more than three individuals were
recorded on the same day. Because adults of R. belphegor
are relatively large and conspicuous, this pattern should
reflect the real density of adults in nature. Future studies
should focus on mark-release-recapture studies to provide
data on local densities of adults and make it possible to
trace dispersal movements of this butterfly. In addition, it is
crucial to locate additional populations of R. belphegor in
the Serra do Espinhac¸o mountain range, since there are
large portions of suitable habitat for this species still pre-
sent in these mountains. Suggested places includes the
north portion of the Espinhac¸o (Gra˜o Mogol and Botu-
mirim) and the region between Diamantina and Lapinha da
Serra. In addition, the isolated massif of Serra do Cabral is
a candidate region to be searched.
Rhetus belphegor is quite distinct from other butterfly
species, it is conspicuous and easy to photograph, and after
\1 month of the above-mentioned public campaign, two
new localities were revealed based on photographs,
showing the effectiveness of citizen science in contributing
with data in scientific research. For this reason, it is very
likely that scientists and amateurs will reveal new popu-
lations and sites of occurrence of this species in the next
few years. The discovery of the host plant and early stages
of R. belphegor, along with the description of the natural
history, elucidation on its systematic position and geo-
graphical distribution are all fundamental to promote more
effective conservation actions. Together, these are the first
steps towards effective conservation programs for pro-
tecting this magnificent Brazilian butterfly.
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Abstract Parides ascanius (Lepidoptera: Papilionidae) is
a butterfly endemic to the sand forests (‘‘restingas’’) of one
of the most populated areas of Brazil (from Rio de Janeiro
state to South Espı´rito Santo state), and was the first
invertebrate officially recognized as being threatened in
Brazil. Here we present a panel of eight polymorphic
microsatellite loci and partial sequences of mitochondrial
gene COI aiming to characterize this butterfly’s genetic
diversity and understand its distribution among the extant
populations. We estimate FST metrics, migration rates,
cluster assignment, and spatial structure of genetic diver-
sity. FST and statistics indicate low genetic structure and no
evidence for endogamy, with all populations connected by
high migration rates. Seven populations have low perma-
nence rates (68–75 %) with increased migration
probabilities for all populations. One population displays
higher permanence rate (87.7 %), as the metropolitan
matrix isolates it. Spatial analysis shows a global structure
around the city of Rio de Janeiro and the Guanabara Bay;
assignment analysis recovers six clusters evenly spread
among sampled populations. These findings are consistent
with a natural scenario of metapopulation dynamics for P.
ascanius, with low genetic diversity and no endogamy, but
progressively isolated by the metropolitan matrix. Con-
servation efforts should focus in connecting the isolated
population, broaden the searches for new populations, and
preserve all extant habitat patches where P. ascanius still
occurs.
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Introduction
The Brazilian Atlantic rainforest is arguably the most
endangered hotspot in the world (Leal and de Gusma˜o
Caˆmara 2003), with the latest estimate indicating that only
11 % of the original forest area remains (Ribeiro et al.
2009). When the Atlantic rainforest reaches sandy terrain
in the costal lowlands, a different vegetation formation
appears, known locally as ‘‘restingas’’. These sand forests
are less diverse than the forests of the surrounding moun-
tains, but present high levels of endemism and are func-
tionally important for the maintenance of the rainforest
complex (Marques et al. 2011 and references therein).
Currently, restingas are in a dire situation, covering only
0.4 % of their original area (Ribeiro et al. 2009). The large
lowland forests and restingas that once covered the sur-
roundings of the Guanabara Bay are now present as a
plethora of small highly disturbed fragments (Rocha et al.
2007). Although original predictions of high species
extinction as a consequence of habitat loss are not observed
for the Brazilian forests (Brown and Brown 1992), habitat
loss has an important impact in intraspecific diversity,
being the only cause of invertebrate endangerment in
Brazil (Brown and Brown 1992; Ribeiro and Freitas 2014).
The swallowtail butterfly Parides ascanius (Lepi-
doptera, Papilionidae, Troidini) is endemic to the sand
forests of Rio de Janeiro and Espı´rito Santo states. The
species is patchily distributed along its geographic range,
usually in places where its single larval host plant Aris-
tolochia trilobata (formerly A. macroura, Aristolochi-
aceae) occurs (Otero and Brown 1986). The specialist
behavior of this species is further increased by a selection
of specific climatic conditions that hinder its occurrence in
the southern neighboring state of Sa˜o Paulo, where both
restingas and host plant also occur (Uehara-Prado and
Fonseca 2007). Recent mark-recapture studies revealed
that most population parameters of P. ascanius are similar
to those reported for other species of non-threatened Par-
ides (Brown et al. 1981; Tyler et al. 1994; Freitas and
Ramos 2001), reinforcing habitat and host-plant special-
ization as the main causes for its endangerment (Herken-
hoff et al. 2013).
This butterfly was the first invertebrate to officially
figure on a list of Brazilian endangered species, in 1973
(Otero and Brown 1986). Today it is considered to be
vulnerable by the IUCN red list, however IUCN has it
marked as ‘‘in need of status update’’ (Gimenez Dixon
1996). Parides ascanius is an iconic invertebrate: it is the
only Brazilian butterfly species to have a common local
name (‘‘borboleta-da-praia’’, meaning beach butterfly), it
illustrates the cover of a recent Brazilian Plan for the
Conservation of Lepidoptera (Freitas and Marini-Filho
2011) and has its own Portuguese Wikipedia page (http://
pt.wikipedia.org/wiki/Borboleta-da-restinga), all of which
could boost conservation efforts, engage public attention
and help to improve conservation of its habitat and co-
endemic species.
All this notoriety, however, has not resulted in greater
protection for the species. Instead, the remaining popula-
tions of P. ascanius are continuously suffering habitat loss,
while several previously known populations are now
extinct due to the expansion of the metropolitan region of
the city of Rio de Janeiro since the 1970s; road and
building construction, drainage of swamp areas and vege-
tation suppression are the main threats to its habitat (Freitas
and Marini-Filho 2011). In addition, most of the extant
populations are outside protected areas, making the long
term conservation of this species a challenge (Uehara-
Prado and Fonseca 2007; Freitas and Marini-Filho 2011).
Over the last three decades, P. ascanius has been heavily
studied, with a broad coverage of studies describing its
behavior, natural history, early stages, chromosomes,
chemical ecology, systematics, population ecology and
conservation (see Herkenhoff et al. 2013 and references
therein). Although new populations have been discovered
in Rio de Janeiro state and in the extreme south of Espı´rito
Santo state (RFM, GSSA and AVLF, unpublished data),
there is no information on how isolated the remaining
populations of P. ascanius are.
Molecular markers, mainly microsatellites, have been
broadly used to access genetic diversity of endangered
species (e.g. Habel et al. 2010; Sielezniew and Rutkowski
2011; Ugelvig et al. 2012). These markers present suit-
able information for conservation studies because of their
rapid evolution, widespread distribution within the gen-
ome, apparent neutrality and co-dominant behavior (Jarne
and Lagoda 1996); also, they can be informative even
when populations are sampled at relatively low numbers
(Habel et al. 2010).
In the present study, eight populations of P. ascanius
comprising the known present distribution of this species
were sampled to study the genetic diversity, gene flow, and
habitat loss effects. Our results will help to establish con-
servation measures for both this butterfly and its habitat, as
P. ascanius has great potential for use as a flagship species.
Materials and methods
Sample sites
We sampled Parides ascanius in eight sites in Rio de
Janeiro state (Fig. 1; Table 1). Sampling sites are generally
small highly humid patchy areas surrounded by open areas,
534 Conserv Genet (2016) 17:533–546
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urban areas, lakes or by the sea. The sampling site of Pedra
da Itau´na (IT) is within the Environmental Protection Area
of Marapendi and public entry is restricted, but it is sur-
rounded by a high-income neighborhood. P. ascanius are
restricted to a very small patch of forest inside the park,
with a maximum distance between sampled males of 30 m.
The sampling site is 300 m north of the Atlantic Ocean and
50 m distant from the Marapendi Lake, and has an abun-
dant population of A. trilobata. Five kilometers east of IT,
separated by a highly urbanized area and a highway, we
sampled Bosque da Barra population (BB). It is situated in
a swampy shadowy patch inside one of the city’s parks,
surrounded by many small lakes, where P. ascanius host-
plant is common. Although it is a somewhat protected area,
it is open to the public, is located 20 m from a highway
with intense car traffic year-round and is surrounded by
highly urbanized areas. All individuals occur within a very
restricted area within the park and the population has been
declining over the last three years following intense
degradation of its swampy habitat (GSSA, unpublished
data).
The Serope´dica population (SR) is located 32 km
northwest from IT and BB; it is a small swampy area
between a dirt road and a suburb, near a river and a
reservoir. The area is highly humid and very difficult to
walk upon; there are several small patches of forest,
swamps and open areas around the reservoir that could also
be used by P. ascanius. This population has been known
and studied since the 70s by Luiz Soledade Otero (Luiz
Otero pers. comm.). The Mage´ population (MG) is located
47 km east of SR in a swamp area crossed by a two-lane
road with a small population of A. trilobata. The area is
surrounded by small neighborhoods. Forte do Imbuhy (FI)
is a military area 35 km south of MG; the area is large and
hilly, and has restricted public access. P. ascanius is found
only alongside a dirt road, at sea level, beside an open
swampy area. The swamp is inaccessible on foot and has a
dense A. trilobata population. The population of Marica´
(MC) is located 29 km east of FI in a forest fragment
surrounded by the Marica´ Lake and an urban area on its
south border, very close to the Atlantic Ocean (1 km
south). There are several A. trilobata distributed around the
fragment, but all males were sampled on a small area.
Iguaba Grande population (IG) is located 59 km east of
MC, the population was found on a very small patch of
open swampy area containing the host-plant, five kilome-
ters away from Araruama Lake.
Poc¸o das Antas (PA) is the only large protected and
non-urbanized area were P. ascanius occurs. The samples
were collected alongside a trail that crosses a big swamp
at the South edge of the forest, however it is also possible
to find adults inside the forest during the hottest hours of
the day. Because the northern area of the reserve is
unreachable by car or on foot, it is possible that there are
other undocumented populations of P. ascanius inside the
reserve.
Fig. 1 Map of all populations
of Parides ascanius known to
date. Historical populations
obtained from the literature
(Otero and Brown 1986;
Uehara-Prado and Fonseca
2007; Soares et al. 2011) and
Museum Records (AVLF
unpublished data) are presented
in gray circles. Populations
sampled for this study are in
black circles, and known extinct
populations are in white circles.
The shaded gray area
corresponds to highly (dark
gray) and moderately (light
gray) urbanized areas
Conserv Genet (2016) 17:533–546 535
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Molecular methods
We sampled only males butterflies with insect nets,
removed a single leg from each individual for DNA anal-
ysis (15–20 per locality), marked and released each sam-
pled butterfly mostly unharmed. Since this is a threatened
species, we decided not to disturb females to avoid
affecting future oviposition behavior. Because P. ascanius
have been subject to poaching in the past, we do not pre-
sent here the precise coordinates for the sampled sites, but
these are available upon request to the authors. We present
an updated map including urbanized areas alongside sam-
pled, historical and extinct populations of P. ascanius
(Fig. 1).
We stored legs in DMSO 20 % saturated NaCl2 solu-
tion, extracted total genomic DNA from each leg using the
standard procedure of the DNeasy Blood and Tissue Kit
(Qiagen AG), stored stock solution (50 ll) at -20 C, and
measured DNA concentration with a NanoDrop UV spec-
trophotometer (Techno Scientific), diluting it to 5 gg/ll for
genotyping solution.
We developed a microsatellite library based on an
enrichment-cloning protocol (Billotte et al. 1999), using
DNA from three individuals from the same locality (Forte
do Imbuhy, see Table 1). We digested DNA with Rsa I
endonuclease (New England Biolabs), then enriched the
solution with microsatellite fragments using (CT)8 biotin
probe, cloned the enriched fragments into pGEM-T (Pro-
mega) and used ligation products to transform E. coli XL1-
blue cells competent cells. We selected the positive clones
using the b-galactosidase gene and selective medium
containing ampicillin.
We designed primers using Primer 3plus (Untergasser
et al. 2007), PCR-optimized all primers pairs and tested
them on individuals from two sites (Bosque da Barra, and
Poc¸o das Antas) and analyzed the results on silver-stained
Polyacrylamide gel to obtain variable Single Sequence
Repeats (SSRs) loci. PCR conditions were: 500 mM KCl,
200 mM Tris–HCl pH 8.4; 0.2 mM of dNTP; 1.7 mM
MgCl2, 0.25 mg/ml of BSA; 0.5 lM of each primer; 15 gg
of extracted DNA, and 1 ll of cloned taq DNA poly-
merase. PCR program was: initial denaturation step at
95 C for 3 min; 30 cycles of: denaturation at 95 C for
one min, annealing for 45 s at specific temperatures (see
Results), extension at 72 C for 1 min; final extension at
72 C for 5 min. We re-synthetized the forward primer of
polymorphic loci with the addition of a fluorescent marker
(6-FAM, VIC or NED, Life Technologies, Carlsbad, CA,
USA), diluted and multiplexed PCR reactions prior to
sequencing protocols. We genotyped all populations using
an ABI 3500 9 Genome Analyzer (Life Technologies),
and a standard molecular weight marker (Liz GeneScan
600, Life Technologies). Genotyping was multiplexed
using different fluorescence and size range to differentiate
between SSRs loci.
We also sequenced the anterior region of the mito-
chondrial gene cytochrome oxidase subunit 1 (COI, ca.
650 bp, corresponding to the barcode region) for all spec-
imens collected as a comparative measure of genetic
diversity. PCR reactions used LCO (50 GGTCAA-
CAAATCATAAAGATATTGG 30) and NANCYmod (50
CCTGGTAAAATTAAAATATAAACTTC 30) primers
(Bogdanowicz et al. 1993; Folmer et al. 1994; Silva-
Branda˜o et al. 2005), and conditions were: 500 mM KCl,
200 mM Tris–HCl pH 8,4; 0.1 mM of dNTP; 1.5 mM
MgCl2, 0.5 mg/ml of BSA; 0.2 lM of each primer; 15 gg
of extracted DNA, and 1 U of taq DNA polymerase
(Thermo Scientific). PCR program was: initial denaturation
step at 95 C for 3 min; 35 cicles of: denaturation at 95 C
for 45 s, annealing at 45 C for 1 min, extension at 72 C
Table 1 Main characteristics of the eight sampling sites of P. ascanius in Rio de Janeiro State
Site name Code Closest
neighboring site
Sample numbers
COI
Sample numbers
SSR
Conservation
status
Size of
habitat
patch (m2)
Itau´na IT 5.03 km/BB 18 15 Somewhat protected; municipal park 6.400
Bosque da
Barra
BB 5.03 km/IT 16 16 Somewhat protected; municipal park,
recently degraded
500
Serope´dica SR 32.28 km/IT 18 18 Unprotected area 6.500
Mage´ MG 35.07 km/FI 18 18 Unprotected area 2.980
Forte do
Imbuhy
FI 28.41 km/BB 18 19 Military area 10.206
Marica´ MC 29.53 km/FI 16 19 Unprotected area 1.520
Iguaba
Grande
IG 28.47 km/PA 18 20 Unprotected area 71
Poc¸o das
Antas
PA 28.47 km/IG 18 19 Protected; biological reserve 56.720
536 Conserv Genet (2016) 17:533–546
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for 1:30 min; final extension at 72 C for 10 min. We
purified PCR products using enzymatic protocol (ExoI and
ASAP, Thermo Scientific), and sequenced them using ABI
Prism BigDye Kit protocol in an ABI 3500x Genome
Analyzer automatic sequencer, using first forward then
reverse primers. We evaluated traces and created consensus
between forward and reverse traces using Geneious soft-
ware v. 7.1.2 (http://www.geneious.com, Kearse et al.
2012).
Data analysis
Microsatellites
For statistical purposes and based on previous evidence of
a mark-recapture study (Herkenhoff et al. 2013), we con-
sidered each sampling site as a population.
We used the microsatellite plugin on software Geneious
v 7.1.2 (http://www.geneious.com, Kearse et al. 2012) to
genotype the data from sequenced traces, producing a final
allelic table. Genotyping was checked for errors using the
software Micro-Checker (van Oosterhout et al. 2004), to
check SSR markers for the three most common genotyping
errors: large allele dropout, mistyping due to stuttering, and
null alleles. These errors are not stochastic in nature and
tend to create consistent bias (Dewoody et al. 2006). After
initial screening, peak-calling was rechecked by eye to
correct possible mistyping due to stuttering. Only stuttering
errors can be corrected in this manner, because large allele
dropout and truly null alleles are not visible in chro-
matograms. To estimate any bias in our SSR markers we
calculated null allele frequencies, linkage disequilibrium,
number of expected versus observed heterozygotes per loci
per population, and tested for Hardy–Weinberg equilibrium
using the software GENEPOP (Raymond and Rousset
1995; Rousset 2008). To estimate population averages of
sample sizes, observed number of alleles, effective number
of alleles and expected and observed frequency of
heterozygotes we used the software GenAlEx v 6.5 (Pea-
kall and Smouse 2012). We computed F metrics and cal-
culated allele richness in R package (R Core Team 2014)
and hierfstat Goudet (2005). F metrics are the oldest
methods to measure the genetic differentiation of popula-
tions and are good indicators of divergence among sub-
populations and endogamy (Allendorf and Luikart 2007).
To estimate the number of distinct genetic clusters in all
samples we used two different clustering analyses. The
Evanno method implemented in STRUCTURE (Evanno
et al. 2005) can detect how many natural clusters of indi-
viduals can be expected by the allelic distribution in the
sample, and how individuals are distributed among those
clusters. For this purpose, we determined the number of
genetic groups using the Bayesian assignment test
implemented in the program STRUCTURE v. 2.3.3
(Pritchard et al. 2000): running the analysis with K clusters
varying from 1 to 13 (number of populations plus five),
using admixture model and correlated allele frequencies,
for 1,000,000 generations, with a burnin of 100,000, and 40
iterations. We evaluated the length of burnin, as well as the
stabilization of the parameters of the analysis using the plot
function present in STRUCTURE software. We later ran
results through Structure Harvester (Earl and vonHoldt
2011), using the maximum delta K as the selected value of
K (Evanno method, Evanno et al. 2005). We ordered data
with CLUMPP (Jakobsson and Rosenberg 2007), and drew
graphics with DISTRUCT (Rosenberg 2004). We ordered
the resulting graphic according to the geographical distance
between populations, in a manner as to show neighboring
population side by side.
Because the Evanno method is unable to return values of
K = 1 in the absence of structure among populations, we
used another method of clustering individuals into inferred
populations, the discriminant analysis of principal com-
ponents (DAPC) implemented on the R package Adegenet
(Jombart 2008). Although STRUCTURE is more com-
monly used in the literature, DAPC analysis is more sen-
sitive for this purpose (Jombart et al. 2010). This analysis
(using the find.clusters function) uses multivariate principal
components to discriminate between clusters of individuals
in the sample, and produces a graphic output relating
sampled populations with genetic clusters. The more
evenly spread the graphic is, the more gene exchange and
migration occurs between different subpopulations. For
comparison, we also plotted individuals per population
using discriminant components (scatterplot using dapc
function) to access population structure using DAPC.
We used BAYESASS (Wilson and Rannala 2003) to
obtain a migration matrix among sampled localities. A
migration matrix displays important information on the
expected migration rates between collection sites given the
observed pattern of variability distribution; it also estimates
permanence rates for individuals in each population. For
proper stabilization of MCMC chains we compiled eight
different runs using R package CODA (Plummer et al.
2006). Each run had 50 million generations, with a burnin
of 10 %, sampling every 5000 generations, and a random
seed of 1–1000, generated in the random.org web site. The
empirically set mixing parameters were allelic frequencies
a = 0.6; migration rates m = 0.3; and endogamy coeffi-
cient f = 0.8. Stabilization of MCMC chains, mixing and
ESS were evaluated using Tracer software (Rambaut et al.
2014).
Lastly, we used a spatial analysis of principal compo-
nents (sPCA)—as implemented in the Adegenet R pack-
age—to test for spatial genetic structure and for local
versus global structure in the dataset. This analysis uses a
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specific connection matrix of each collection site to mea-
sure spatial autocorrelation of allelic frequencies using
Moran’s I (Moran 1948, 1950). It is possible to distinguish
between global structure, when closer sites are more sim-
ilar in genetic make-up than distant ones, and local struc-
ture, when close neighbors have strong genetic differences,
and to separate these effects from random noise (Jombart
et al. 2008). For our analysis we decided on a matrix in
which every site was considered neighbor to the others,
with spatial weights directly proportional to the inversed
spatial distances, since the distances are small and we have
no prior information on the migration frequencies.
mtDNA
We aligned sequences obtained for the COI gene using
MAFFT function implemented in Geneious v. 7.1 software
(http://www.geneious.com, Kearse et al. 2012); all posi-
tions with uncertainties were excluded for analytical pur-
poses. We generated a minimum spanning network using
TCS v. 1.2.1 (Clement et al. 2000), and different sampling
sites were color-coded for comparison. The minimum
spanning network shows inferred coalescent relationships
between haplotypes. Haplotypes are circles proportionally
sized by number of individuals, connected by lines that
represent point mutations. To test for genetic structure and
calculate FST we used AMOVA (Weir and Cockerham
1984; Excoffier et al. 1992; Weir 1996) implemented in
Arlequin v.3.5 (Excoffier and Lischer 2010), using a West–
East structure for populations, following the minimum
spanning network results, with two groups (group 1: pop-
ulations PA, MC, IG, and FI; group 2: populations SR,
MG, BB and IT), and three groups (group 1: populations
PA, MC, IG and FI; group 2: SR and MG; and group 3: BB
and IT). The same analyses were later conducted using
SSR markers as well for sake of comparison.
Results
SSR library and genotyping
One polymorphic locus (PaC03) was present in the original
library with a greater haplotype count than expected (more
than six alleles, for the three individuals used in the
library). When amplified for the two population sets it
presented spurious behavior, amplifying either one of two
different regions in the genome, which differed by ca.
40 bp and produced different patterns of bands in gel
electrophoresis. This was later discarded, but represented a
similar flanking region in two different loci in the genome
of P. ascanius (Supplementary Material 1). A summary of
the characterization of the enriched library for P. ascanius
is presented in Supplementary Material 2.
We estimated genotyping error based on two popula-
tions genotyped using both polyacrylamide gel and
sequencing protocol. Final allele size estimates changed
slightly between protocols, but results were highly con-
sistent (0.011 null alleles caused by failure to amplify or
detect each allele per loci per individual). Additionally, a
few individuals from the BB population were genotyped
multiple times using the sequencing protocol to establish a
multiplexing protocol, and checked for adequate dilution of
each PCR product. No inconsistencies were found among
replicates, with the same alleles being recovered every time
with all possible combinations of multiplexing different
loci.
SSR analysis
Initial testing with Micro-Checker recovered several pop-
ulations with null allele loci, mainly due to stuttering error.
Upon closer inspection it became clear that Geneious tends
to mark heterozygote peaks separated by only one repeti-
tion as stutter bands. These were corrected by eye, pro-
vided two conditions: the two peaks had similar intensity
and both alleles were unequivocally recovered in other
individuals. After re-checking genotyping, null alleles were
only reported by Micro-Checker in four populations, for
three different alleles (PaB03 in population BB, PaA071 in
population IG, and PaC06 in populations SR and IT).
Genepop revealed the same results as Micro-Cheker, with
one additional locus with high frequency (more than 0.15)
of null alleles, the locus PaD06 in population MG
(Table 2), and Hardy–Weinberg exact test recovered seven
loci in five different populations with lack of heterozygotes
(Table 3). Additionally we found evidence of linkage dis-
equilibrium only between loci B03 and D06, with highly
significant p value (p\ 0.001). We also present estimated
versus observed numbers of heterozygotes per loci per
population (Table 4).
All further analyses were repeated without locus PaB03,
due to linkage disequilibrium. Results for FST changed
slightly without this locus and, for all other analyses,
changes were negligible. We present F metrics for both
datasets, with and without locus PaB03, and other results
for the full dataset. Basic descriptive statistics (F metrics),
as well as basic information for each locus, are shown on
Table 5 for each separate locus, for the complete SSR data
(FST = 0.075; FIS = -0.001), and without locus PaB03
(FST = 0.070). Sample sizes, observed number of alleles,
effective number of alleles, allelic richness, and expected
and observed frequency of heterozygotes averaged per
population are shown on Table 6.
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STRUCTURE’s cluster analysis presented the highest
delta K (DKmax = 7.46) with K = 2 clusters (Fig. 2) and it
is possible to see an increase in the proportion of cluster 2
(dark gray) individuals as we move east from Rio de
Janeiro city. However, the Evanno method is unable to
return a value of K = 1 in the absence of structure in the
data, the DKmax value is small, values of a (estimated
degree of admixture) stabilized around 1, well above the
proposed value of 0.2 (Pritchard et al. 2010), and all
individuals were admixed (i.e. composed of a combination
of both clusters).
DAPC cluster’s analysis recovered six groups. Clusters
choice was made retaining all PCs (45) and using the
number of clusters that returned the lower BIC score (6
clusters), as proposed by the program manual. Only two
clusters occur in population FI (clusters 3 and 4), while
other populations have highly dispersed distribution of
individuals between clusters (Fig. 3). The scatterplot for
population discriminant analysis (Fig. 4) shows all popu-
lations grouped together, with individuals from IT and BB
more widely distributed than individuals from others
populations.
Permanence rates within populations ranged from 68 to
87 %. All migration paths are possible, with a chance
higher than 1 %, and several migration paths have rates
higher than 5 % (BayesAss analysis, Table 7). The higher
Table 3 p values for the
Hardy–Weinberg exact text, by
population by loci
IT BB SR MG FI MC IG PA ALL
PasA071 1.000 0.190 0.138 0.024 1.000 1.000 1.000 – 0.141
PasB03 0.606 0.000 0.294 0.127 0.577 0.587 0.491 0.997 0.047
PasB05 1.000 0.915 0.970 0.273 0.729 1.000 0.006 1.000 0.812
PasC06 0.008 0.530 0.006 0.352 1.000 0.334 0.103 0.245 0.006
PasD06 0.625 0.681 0.286 0.156 0.999 0.227 0.024 0.947 0.362
PasF06 0.089 0.320 0.429 0.172 0.996 0.175 0.020 0.061 0.019
PasH09 0.633 0.415 0.896 0.922 – 0.980 0.690 0.411 0.927
ALL 0.377 0.022 0.104 0.027 0.999 0.389 0.001 0.733 –
Values bellow 0.05 are shown in bold
Table 2 Locus by population
table of estimated null allele
frequencies, using Brooksfield’s
1996 method implemented in
Genepop
IT BB SR MG FI MC IG PA
PasA071 0.000 0.033 0.071 0.138 0.000 0.000 0.000 0.000
PasB03 0.020 0.202 0.037 0.078 0.000 0.000 0.000 0.000
PasB05 0.000 0.000 0.000 0.000 0.000 0.000 0.060 0.000
PasC06 0.287 0.000 0.232 0.000 0.000 0.112 0.181 0.000
PasD06 0.000 0.070 0.000 0.253 0.000 0.119 0.080 0.061
PasF06 0.031 0.045 0.000 0.000 0.000 0.040 0.075 0.071
PasH09 0.000 0.000 0.000 0.000 – 0.000 0.000 0.000
Values above 0.15 are shown in bold
Table 4 Number of estimated (He) versus observed (Ho) heterozygotes per loci per population
IT BB SR MC FI MG IG PA
He Ho He Ho He Ho He Ho He Ho He Ho He Ho He Ho
PasA071 7.4 12 3.8 3 6.9 5 9.5 9 3.8 4 3.8 4 2.9 3 1.0 1
PasB03 10.9 10 12.3 5 8.2 7 11.5 9 12.3 12 12.8 14 13.2 13 11.1 16
PasB05 9.0 13 7.9 9 9.2 12 10.6 13 7.8 8 6.7 8 5.6 3 9.1 13
PasC06 9.9 3 7.3 7 10.9 7 10.1 9 9.1 13 10.2 9 15.2 14 13.4 13
PasD06 10.8 10 10.7 14 9.5 8 11.6 9 10.8 16 9.1 9 12.6 14 12.3 16
PasF06 12.2 10 11.5 9 14.4 14 12.0 12 14.3 18 16.8 14 17.2 14 15.9 13
PasH09 8.0 8 10.9 11 12.0 14 9.2 11 0.0 0 9.1 12 9.0 9 11.8 11
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migration rate is between IG and PA, with 17 % chance of
migration per individual per generation. The second high-
est migration rate is, unexpectedly, from MC to BB (10 %).
Genetic diversity displayed a global structure
(p = 0.0001) (sPCA analysis; Fig. 5), with neighboring
sites tending to be more similar, with highly positive
eigenvalues. The first map (Fig. 5a) shows interpolation of
the first PC score in gray scale in the background and
contour lines of populations’ differentiation. Populations
IT, BB, SR, MG, and PA are all outside the zero contour
line, populations MC (located near the shore of the Atlantic
Ocean) and IG are both between the 0.5 and the zero
contour line, and population FI is isolated inside the con-
tour line with the highest differentiation (2.0). The second
map (Fig. 5b) shows population differentiation through
gray scale: populations of similar shades are more similar
genetically. Populations BB, SR, MG and PA have the
same shade of gray, population IT is slightly darker than
Table 5 Summary of basic information of developed SSR, with SSR motifs, annealing temperatures (Ta), primer sequences, size range for PCR
products, number of alleles per loci, and estimates for FST, FIS, and expected (HS) and observed (HO) heterozygosity
SSR locus Repeat motif Ta
(C)
Primers sequences 50-3 Size
range
Alleles FST FIS HS HO
PaA07.1 (TG)4(TG)9 62 F-ATCAACTTCCGCTTGTCGAA
R-CAGCGTCGTGTAATCGTGTT
260–290 7 0.114 -0.071 0.279 0.299
PaB03 (GT)4(GT)9 62 F-CAGAATGCCTGATGCTATGG
R-TAACGGACCGGAATTAGCTG
210–280 9 0.100 0.091 0.657 0.597
PaB05 (GT)7 58 F-TGCTGTGCTTGCTCTACCTT
R-GCCGCATCCTGAATAGACC
130–160 7 0.031 -0.218 0.465 0.567
PaC06 (GT)7(GA)7 58 F-ATTAGTTCGATGCGGTGT
R-TCAATTCACGAAAGTTGTTC
320–350 7 0.062 0.150 0.598 0.509
PaD06 (CA)8(CA)4GC(CA)5 60 F-ATTCAAGGTTTCGGTCGATG
R-CAGAATGCCTGATGCTATGG
180–230 7 0.040 -0.097 0.609 0.668
PaF06 (TCC)10(AG)20 64 F-TCGCGGTATCGCCTTAATAC
R-GCCTAGTCGCAATTCTCGTT
400–460 13 0.062 0.087 0.808 0.738
PaH09 (AC)10 60 F-TATGGTAGATTCGCGCCTTT
R-TTCCAACGCTTTCAAGAACA
330–350 6 0.132 -0.090 0.499 0.543
ALL – – – – – 0.075 -0.001 0.559 0.560
Without PaB03 – – – – – 0.070 -0.020 0.543 0.553
F statistics were estimated using Nei (1987) algorithm implemented in hierfstat package in R
Table 6 Population averages of sample size, observed number of alleles, effective number of alleles, allelic richness, and expected and observed
frequency of heterozygotes
Sample
size
Observed number
of alleles
Effective number
of alleles
Allelic
Richness
He Ho
IT 15.0 4.71 2.96 4.71 0.633 0.667
BB 15.6 5.57 2.81 5.53 0.575 0.532
SR 18.0 4.86 2.46 4.60 0.549 0.532
MG 17.3 4.57 2.59 4.45 0.600 0.598
FI 19.0 3.71 2.07 3.51 0.426 0.534
MC 18.9 4.43 2.60 4.22 0.499 0.532
IG 20.0 4.71 2.81 4.36 0.527 0.500
PA 19.0 4.57 2.72 4.23 0.546 0.624
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Fig. 2 STRUCTURE analysis for K = 2, showing high admixture
between individuals and apparent increase in cluster 2 (dark-gray)
towards eastern populations
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BB, populations MC and IG have lighter gray shades, and
population FI has the lightest shade of gray.
COI sequence analysis
The complete matrix of COI alignment had 646 bp
(GenBank accession numbers: KU238666–KU238805),
while trimmed sequences (with no ambiguities) matrix
used for the minimum spanning network analysis had
458 bp. There were five point mutations in the dataset
(positions 292, 410, 425, 451, and 542), but only two
were non-synonymous, present in haplotypes H4 and H5.
The minimum spanning network analysis showed six
unique haplotypes, three common and three rare. Four
populations were composed of a single haplotype, while
PA, BB, MG and IT were composed by two, three, three
and four haplotypes, respectively (Fig. 6). FST estimated
with AMOVA was 0.567 for the two groups analysis, and
0.598 for the three groups analysis. Genetic structure
between the defined groups was significant in both anal-
yses, showing strong structuration of the six haplotypes
present in the dataset. When the same analysis was
repeated with the SSR dataset, FST values were small
(0.034 and 0.047, for two and three groups), and structure
between groups was non-significant.
Discussion
Genetic diversity of Parides ascanius
Butterflies often pose difficulties for the development of
SSR libraries (Zhang 2004; Sinama et al. 2011). Lepi-
dopteran SSRs are rare (Megle´cz and Solignac 1998),
flanked by repetitive sequences (Megle´cz et al. 2004) or
associated with transposable elements (Tay et al. 2010).
The observed pattern in locus PaC03 (see Results section
and Supplementary material S1) diminished the number of
available loci for P. ascanius, however, it presented
interesting evidence for the difficulties associated with
butterfly SSR libraries development. The abnormal pattern
could be explained by either the transposable element
containing a SSR locus or by a duplication in the genome
(Megle´cz et al. 2004; Tay et al. 2010).
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Fig. 3 Distribution of
individuals among defined
clusters for K = 6, DAPC
analysis. BB Bosque da Barra,
MC Marica´, IG Iguaba Grande,
FI Forte do Imbuhy, MG Mage´,
PA Poc¸o das Antas, SR
Serope´dica, IT Pedra da Itau´na
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Our results with SSR dataset suggest low genetic
structure in populations of Parides ascanius, attested by
small FST values (FST = 0.075), similar to results found in
other rare or endangered butterflies (Habel et al. 2010;
Ugelvig et al. 2012; Schoville et al. 2012). However, P.
ascanius is restricted to a smaller area compared to the
other rare butterflies studied so far, with a maximum of
123 km between the most distant sampled sites in our
study, a relatively low distance considering its big size and
vagility (see discussion on vagility below).
STRUCTURE analysis also indicated no strong genetic
structure, since there were: (i) small increases in the log
likelihood of data with each K increment, (ii) low value of
maximum deltaK, (iii) increased amount of admixed indi-
viduals, (iv) non stabilization of a values around the pro-
posed value. All above mentioned parameters are signs that
the software was unable to identify structure in the dataset
(Pritchard et al. 2000; Evanno et al. 2005; Pritchard et al.
2010). A weak evidence of a western-eastern structure is
however suggested by our STRUCTURE analysis (Fig. 2).
IT
BB
FI
MC
PA
MG
SR
IG
Fig. 4 Scatterplot of
discriminant component
analysis separated by
populations. BB Bosque da
Barra, MC Marica´, IG Iguaba
Grande, FI Forte do Imbuhy,
MG Mage´, PA Poc¸o das Antas,
SR Serope´dica, IT Pedra da
Itau´na
Table 7 Migration matrix
showing asymmetric probability
of migration from a given
population (line) to any other
population (column) per
generation
Posterior means IT BB SR MG FI MC IG PA
IT 0.685 0.015 0.014 0.013 0.012 0.013 0.012 0.013
BB 0.023 0.738 0.018 0.015 0.013 0.014 0.013 0.015
SR 0.050 0.040 0.737 0.056 0.014 0.024 0.026 0.027
MG 0.026 0.024 0.058 0.708 0.015 0.018 0.016 0.017
FI 0.067 0.020 0.017 0.053 0.877 0.062 0.032 0.032
MC 0.039 0.102 0.046 0.038 0.028 0.736 0.049 0.033
IG 0.042 0.025 0.031 0.044 0.023 0.081 0.753 0.172
PA 0.068 0.035 0.079 0.072 0.018 0.053 0.098 0.691
Permanence probabilities are shown in bold
542 Conserv Genet (2016) 17:533–546
123
Anexo 15 150
Discriminant analysis of cluster assignment (DAPC)
showed a clear pattern of evenly spread cluster organiza-
tion (Fig. 3), suggesting high migration rates between
studied populations, which was corroborated by our
Bayesian estimation of migration rates (Table 7). Also,
both DAPC analyses corroborate STRUCTURE’s results;
clusters assignment analysis recovered six clusters without
clear distribution between sampled sites, and the scatterplot
of populations shows all populations grouped together.
Three populations, however, appear in evidence in differ-
ent analyses: FI is the most isolated population, as cor-
roborated by sPCA (Fig. 5a), DAPC cluster assignment
(Fig. 3) and the Bayesian estimation of migration rates
(Table 7). This population also displays lower number of
effective and observed alleles and the lowest allele richness
compared to the other populations (Table 6). The popula-
tions IT and BB are also highlighted by the scatterplot
(Fig. 4), STRUCTURE (Fig. 2, populations with higher
light gray content) and sPCA analyses (Fig. 5b, IT appears
darker than all other populations); these are the populations
with highest genetic diversity, as observed by their high
allele richness and high expected and observed number of
alleles (Table 6).
Spatial analysis (sPCA) recovered a structure concen-
trated around the Guanabara Bay and the cities of Rio de
Janeiro and Nitero´i, in an axis opposing the populations of
Bosque da Barra and Itau´na against Forte do Imbuhy
(Fig. 5). Around the outskirts of the metropolitan region
there is less genetic structure, suggesting a pattern of lower
migration between neighboring sites through the Guan-
abara Bay and the most urbanized areas. The FI population
is the most isolated, with higher permanence rates and
lower migration rates, all bellow the 3 % threshold.
However, the metropolitan matrix itself does not seem to
be the only reason hindering the migration of FI as MC
population is sending migrants with high rates to other
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Fig. 5 Spatial principal component analysis (sPCA). a Contour lines
showing the spatial structure of genetic diversity. Please note that MC
populations is located on the shore, 1 km from the Atlantic Ocean,
between contour lines 0.5 and 0. b Graphic showing population
structure inferred from first score of PCA, similar shades of gray
show populations similarity
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Fig. 6 Map showing mtDNA
haplotype distribution of
Parides ascanius. Minimum
spanning network for COI
haplotypes appears on the upper
left corner, haplotypes with
asterisks represent non-
synonymous mutations
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fragments in the western part of Rio de Janeiro (as seen by
the 10 % migration rate between MC and BB). The pop-
ulation of FI could be historically isolated by the sur-
rounding topography of low hills (minimum of
100–200 m), since P. ascanius was never recorded above
60 m of altitude.
Mitochondrial DNA sequences yielded small genetic
diversity of only six haplotypes, with four populations
represented by only one haplotype and maximum diversity
of four haplotypes (IT population, Fig. 6). Two population
groups were separated in the haplotype network, with the
western populations of Serope´dica (SR) and Mage´ (MG) at
one end (haplotypes H1 and H2), and the eastern popula-
tions of Forte do Imbuhy (FI), Marica´ (MC), Iguaba
Grande (IG) and Poc¸o das Antas (PA) on the other (hap-
lotypes H3-H6). Itau´na (IT) and Bosque da Barra (BB) had
mostly western haplotypes, but included a haplotype (H4)
that is more related to haplotypes of the eastern side of Rio
de Janeiro. This structure was highly significant in the
AMOVA, with very high FST values (FST = 0.56). Fur-
thermore, the two non-synonymous mutations occur only
in the populations BB and IT—which could not be the sole
cause for the eastern-western structure we found. These
two populations had higher haplotype diversity (with three
and four haplotypes respectively) and separating them in a
third group increased the FST values slightly (FST = 0.59)
and the differentiation between this group and the others
was significant in the AMOVA analysis.
The highly significant structure found in the mtDNA
does not agree with the insipient structure found on SSR
markers and one hypothesis that could explain this pattern
is that females are more stationary than their male coun-
terparts. Two previous studies estimated P. ascanius
vagility: (Tyler et al. 1994) registered maximum vagility of
1000 m during their studies, and (Herkenhoff et al. 2013)
registered maximum vagility of 400 m on a more restricted
area in one trail of Poc¸o das Antas Biological Reserve.
However, both studies reported smaller recapture rates for
females than for males (55 % males and 41 % females
recaptured in Tyler et al. 1994) and 15.6 % males and
2.3 % females recaptured in Herkenhoff et al. 2013), which
could suggest that (i) females disperse outside the study
areas, (ii) females have lower longevity, or (iii) this dif-
ference in recapture is caused by different behavior of the
sexes (Herkenhoff et al. 2013), or a combination of all
three factors.
We suggest that three alternative hypotheses can explain
the apparent contradiction between the mtDNA and SSR
markers: (i) the mtDNA genetic structure suggested here is
caused by increased drift due to smaller effective popula-
tion size in relation to nuclear markers; (ii) females present
lower detectability due to behavioral differences between
sexes and, therefore, they are indeed more sedentary than
males and (iii) females have lower longevity than males.
The very high FST values for COI we found, coupled with
the very weak evidence for the same western-eastern
structure in STRUCTURE analysis, and the migration rates
recovered here suggest that it is more plausible that female
genetic flux is indeed diminished; either because they are
more stationary or because their establishment in new
populations is hindered by lower longevity.
Conservation of the beach butterfly in Rio de
Janeiro state
Altogether, our results showed a picture consistent with a
meta-population structure for P. ascanius populations, with
high migration rates between pairs of sites around the
metropolitan matrix and relatively low permanence of
males. However, we found strong COI haplotype structure
between eastern and western parts of the metropolitan
region. Although this species was depleted of genetic
diversity in the COI region, it still maintains some diversity
in the nuclear genome SSRs, which can be linked to its
meta-population dynamics.
If two of the above statements are true (lower female
longevity and higher male dispersion rates) the conser-
vation of P. ascanius is dependent of a highly connected
landscape, where females could reach new suitable areas
to colonize in their short lifespans. The cities of Rio de
Janeiro and Nitero´i, together with the Guanabara Bay,
pose a treat to the circulation of individuals (sPCA
analysis, Fig. 5; and mtDNA, Fig. 6); therefore it is
important to increase the permeability of the urban matrix
for the conservation of this species. Small patches of
habitat inside the metropolitan matrix could enhance the
dispersal between the remaining populations. Further-
more, concentrating conservation efforts for P. ascanius
only in its protected occurrence area in Poc¸o das Antas
Biologic Reserve is not advisable, as species with meta-
population structures maintain their genetic diversity
through a complex balance between subpopulation
diversity and migration (Whitlock 2004). For suit-
able conservation of P. ascanius it is necessary to
increase the conservation status of the small remnants of
restinga forests, to protect the existent patches inside the
metropolitan matrix and to increase the connectivity of all
remaining populations, including the highly isolated ones
(such as Forte do Imbuhy). Possible measures to enhance
connectivity include broad space planning, tree lined
avenues, abundant nectar-rich flowers in urban parks and
beach gardens, all using primarily species of the native
resting flora (including the larval host plant A. trilobata)
(as suggested by Brown and Freitas 2002). With the
above measures, the conservation of this flagship butterfly
species could be assured for decades to come.
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